
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD327072

UNCLASSIFIED

CONFIDENTIAL

Approved for public release; distribution is
unlimited. Document partially illegible.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; 06 SEP 2006.
Other requests shall be referred to Army Dugway
Proving Ground, UT 84022. Document partially
illegible.

OSD/WHS ltr dtd 1 Aug 2013; OSD/WHS ltr dtd 1
Aug 2013



m.--------~-----------

t£ 

~g 

Office of the Secretary of Defenso..)tJ ... .) ,L §n-z.... 
Chief, RDD, ESD, WHS -+ 
Date: ~UL 2Dt 3 Authority: EO 13526 
Declassify: X. Deny in Full: __ _ 
Declassify in Part: __ _ 
Reason: 
MDR: 7'Z.:.--:.tv-:-1--3---:/-=.:r=z-r-------

Page determined to be Unclassified 
Reviewed Chief, ROO, WHS 
lAW EO 13526, SectiQn 3.5 

Uate: JUL 1 9 2013 

11-M·3'5l 

' 

t'~ ·:r 
."':.t 
.. 
' 

(J 

(I 

, .• 
\ 

,--. 

if 

:·· 
• ', 

\:• ,. 
(. 
/. 
(. 
(. 
rt 

•• 
•• 
:~ 

(. 

~· 



NOnCE: 'Whe%l goven:DIIOZlt or other d.ra'ltiqa, apeo1-
f1cationa or other data are Ule4 tor SD7 purpose 
other than iZl connection With a dttiDi~ rel&ted 
save~ proou1"1!11111111t operation, tu u. s. 
CJavumaent thereb;y incurs no ruponlibilit;y, ncr &:C¥ 
obligation whatsoever) and the tact tb&t the Govern
ment JZifA'Y bave to1D1lated, :f"u.:nU.ahed, or ill aa,y way 
aupplj.ed. tbe sai~ dl'awinp, spec:l.ticationa, or other 
~ta 1a net to be ::e8111'11ed b;y 1mplic&t10D or other
viM aa in ~ JIIIUDI.er Uceneiq the holder or at~.¥ 
other pe:r~ou or co:zopo2'ation, or aonve;riq any ri&bts 
or pU'IId.aaion to :al&llUf'aatuzoe, use or aell a.rq 
patented. invention that ma;y 1A &rJ1' war be :rwlatecl 
thereto. 

Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
lAW EO 13526, Stotlon :u 
oatt: JUL 1 9 2013 



r • 
c: 
~·-'I 

~ 

} 

a 

OECLASSIPIEO IN FULL 
Authority: EO 13526 
Chief, Records & Daclass Olv, WHS 

Date: JUL 1 9 2013 



I 

t 

I 

I 
I 
I 
I 
I 
I 

f~grt No.: 
No;;~::-t nc.: 
r._t.e: 

THE GE!-."ER!>.L HILLS EU'.C'l'RO!l!CS GRCXJP 
RESZARCH AliD DEVELOFME:lr DEPAR'IMEI{l'S 

2003 East Hennepin Avenue 
Minncapolie 13, Minnesota 

i}-~,,~~(-l;/.(.(1~/ )~< 

FIFT:i QUARTER!.\ PROGRESS REPORl' 
ON 

DISS~UIATION OF SOLID 
· AJlD LIQUID Ill AGENTS 

(Unclassified Title) 

For Period 4 June - 4 September, 1961 
~ontr.!.ct No. DA-la-064-CML-~ 

Prep•red tor: 
v. s. Army Biological Laboratoriea 

Fort Detrick, Maryland 

Submitted ~y: 

,. c ':" ~~ 
;.~proved by: 

G. R. Whitneh 
Project Manager 

S. P. ~r.ne , Manager 
Mater ill~:. & l>!ecllnn1ca 

Research 

DECLASSIIfi!O IN PULL 
Authority: EO 13526 
Chief, Records & Oecla 
Date: JUL l g 20tjlv, WHS 



1 
I 
I 
I 

- -Gbd&HS& &; zt. 

r 2 
Ulf 

• < • ~ "'4.. • -~11M. • ~ .. - --
• ' j j - .... .li i - { •' ._ ~ 1 -

ts · l 22 _au cztto Ltt a &UI'mBt J 4 
, 11 Jatssa DSsJ » 

AS'l'IA AVAILAmlTY NOTlCB 

(the llll.rldng notat will be placed immediateJ.y 
~elow and ln conjunction with the classification 
marking at the bottom of the i'ront oover1 or at 
tho bottcm o£ th& first page if the doc\Uilent hall 
no cover.) 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief. Records & Declass Dlv, WHS 
Date: JUl 1 9 2013 



~ ...... ------·-----··· 

II 
i 
I 
J ., 
li 

t 
I. 

t 
f 
f 
f· 
\"" s:. 
~: ... 
r.· 
t 
~ 
( 

~--

f~ 
r.:. 
!t.' 
.~i-· 
'i 

"' 
~ 

~ . 
·~. 
~ 

.r 

.y; 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

Staff members of the Research and Development Departments 

who have participated. in directing and conducting these inveeti

ge"tiona and preparing the diaeuaaiona presented in thia report in

clude Mr. s. P. Jones, Jr., Mr. G. Whitnab, Mr. M· Sandgren, Mr· A. 

.Andersou, Dr. J, Baumatark, or. J, Park, Mr· J, tipton, Mr· w. L. 

Torgeson, Mr. R. Lindquiat 1 Mr. J. MoGillicudd;Y, Mr. J. Nallh, Mr. C. 

Hagberg, Mr. P. Stroom, Mr. A. McFarland, Mr· Q. MOrfitt, Mr· L. 

Graf, Mr. I. Hall, Mr· J, Pilney, Mr. Q, Beck, Mr. J, Walt~~~, 

Mr. T. Bauman, Mz', T. Petersm, Mr. c. IAraen, Mr. D· Harrington, 

Mr. R· I:llhlberg, MT. J. Unga and Miaa M. Johnson. 

i1 

Page determined to be Unclassified 
Reviewed Chief, ROD. WHS 
lAW EO 13526. Section 3.5 
!Jate: 

JUL 1 9 2013 

-- --·-



I 
I 

I 

l 
1. 

EStfZF SiC IIAL 

This Fifth Quart~rly Progress Report presents the results 
or continued vork 0%1 the diaa«Dination o: solid. and liquid Bll 
agents. 'lbia project 1a directed tovard advancement of the 
knowledge in the dissemination field and development of weapon 
systems for line source dissemination from high speed, low
flying a il'craft • 

Theoret1cal studies of the mechanics of particulate materials 
have resulted in equations for predicting the force required to 
move a compressed plug of powder in a cylindel'i theoretical l:illlits 
on a resistance parameter are given. 

Experimental reaul ta on tlB shear strength of powders sa 
affected by compaction and humidity are reported. 

Wind tunnel studies of deagglomeration of finely divided 
compacted solids are c:cvered. Particle size data and values f'or 
the frequency of occurrence of agglomerates, determined micro
scopically, are given. 

A design concept for the first drt·agent disseminating otore 
to 'be designed and fabricated on tl'lis program 1.11 presented and 
discussed. 

Studies of the jet-plume problem as it relates to loss of 
viability of biological aerosols are described. .Experimental 
data on viability loss and a theol'etical analysis of the fluid 
mixing problem are reported. 

Experimental results frQm a study of the rheol~efcal behavior 
of Sm slurries made with a fluorocarbOn liquid are reported and 
a conclusion on the feasibility of this approach far disseminating 
solids is given. 

Progren on the detailed design and fabrication of a liquid 
agent diaeeminating store 1s reported and the apprQach being used 
to fabricate i.his unit is outlined. 

The resulto of computat1ona made on thG syetema analysis part. 
of the prosram are given. A variable d.ecay~rate mathematical model 
is discussed. 

iii 
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l, ntTROil1CTI!lt 

'!his ia the Fi.fth QUarterly Prosr••• Report oa the prognm ot ro

seerch co d1saelii1Dilt1on ot solid and liquid JJi ageata being eonducted by 

General Willa, IDe. under Co11traot No. DA-18-064--CMI.-2745. The overall 

objectivea of thia program are (1) to advance the state of knowledge in 

the BW dissemination tteld. and (2) to provide experimental external stores 

for liae-souree dissemination ot both liquid and aolid agents from h1~

apeed low .. tl.ying aircraft. 

The work conducted during this reporting period is a part of Phase II 

of the program, which includes a ccat.inuation of research pn solid agent 

aharacterization, delivery, llll!ttering, disafJmination and deagslomeret1on 

aad also the dasign and fabrication of an experilllental liquid agent dis· 

seminating atore. It 1s planned that Phaees III and rl will follow the 

current work and will include design, fabrication, functional testing and 

flight teatine uf experimental solid-agent d.1ssem1nat1ng stores and. also 

s cont1nuoua and intensive research program on the important aapoots of 

~iasemination of solid BW agents. 

The progreaa during this reporting period 11 covered in tne discus-

aioaa whiah follow. Hi~l18nts of the progress include new theoretical 

analysma and experimental reaulta on the characteriatics of dry powders, 

establishment of' e design concept for a dry-agent disseminating store and 

selection of the configuration and design features of the liquid·a~nt 

store. 
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Theoretical atudie• have been oontinue4 toWard developmeat of a eompre

henaive theory of powder mecbaniea, TVo specit1e problfiiJia were eX811lined in 

scze detail: (1) determination of the force required to displace a plug of 

powder contained in a cylindrical tube and (2) preliminary study of the re

lationship betveen the energy of canpaction and the bulk denaity of parti• 

culate materials. The reaulu of theae investigations are reported below. 

2 .l Resistance of Powder Plus contained Within a CZlindr!cal Tube 

One proposed meana fbr feeding particulate materiala is to use a pis

ton to force the material from the storage chamber at a controlled rate. The 

force required to displace the powder plug under these conditione have been 

determined. approximately by means of the following analysis. Referring to 

Figure 2.1.1, suppose that the powder U contained within a cylindrical tube 

of cliameter D with a piston at each end. We wish to determine the nJt!o ot 

applied to resistive load FA/FR when the powder plug ia at the point of mov

ing. Denoting the axial and radial stress components by cT'z and O"r, re-

~ spectivelyJ and the shear stress at the vall by "w 1 we have: 

d "?z 4"C' .. w 
0 

where rr ~ 1a the mean axial stress. 

l4ovement of the powder plug may be due ei tller to shearing of the powder 

at the wall or to slipping of the powder plug. In the latter case the shear 

angle ~ of the powder muat exceed the friction angle g .. tan·1 )-br ae 

- 2 -

Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
lAW EO 13526, Section 3.5 
Date: 

JUL 19 2013 

- ------« --1 
' 

(2.1} 



""" r~. 
fr, 

~ 

f .. 

t , 
"· ' i 

~-· 

jD 
u 
I 
;f 
I 

I 

Jl 
i I 
t 
f I 
i ,_. 
f 
' 

,. 
'. 
~ .. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

FA 

FIGURE 2.1.1 P1eton-cyl1nder ~eat Contiguraticu 

'C' 

't" w 

FIGUBB 2 .1.2-a Wall Streaa Conditiona • 
Phyaical Plane 

(err, "t'w) 

( (]"'zt • ij 

FIGURE 2.1.2•b Wall Stress Conditione 
Stress Plane 
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illuatra~d b)' P'igul-e 2.l.2·b2 •1 •1 • IAtting ~r • C ~ z and writing 

"t'v • }'t r:rr, Et!uatioa ~-l takes the :to.rm: 

d. z D 

tt 1 t is assumed that C ia a cOD&tant, EquatiOn 2. 2 1lla:V be integnted, 

y1elc11ng: 

<:T'z (L) 
~ (o) vz 

4 c Jk~ 
D 

The constant C in thia equation can be eaaUy avnluated in terma crt 

the shear angle rJ and. the tri.ction ansJ,.e tiJ. The stress conditions exist• 

1ng at the '~fall i11 the physical plane are shovn in Figure 2.1.2·•· Figure 

2.1.2-b illustrates the corresponding conditions in the stress plane, if it 

ill ass~.~med that the material near the val1 ia at the point ot shearina. 

:rrom the geometry or ll'igun 2.1.2-b, it 18 possible to compute the eon-

Stant C; the result 1&: 

c • 
l + s1n2 ~ 

(2.2) 

·1 If' the friction angle Q • tan )1-t is equal to the shear angle ~. Equation 

2. 4 reduces t.o: 

2 .1.1 ~neral Milla, Inc. Report N,1. 2200, Third QUarterly Progress Report 
on Dissemination ot Solid and Liquid l3W Agents (t1nclauified. Title), 
~ay 15, 1961 (con11dential). 

- 4 .. 
Page determined to be Unclassified 
Reviewed Chief, ROD. WHS 
lAW EO 13520, S•cllon 3.6 
lJatt: 

JUL 19 20D I 
i 



tl 

f Ir 
t 
F ... 
l ;[-
' . • 
~~ 

f .I 
b 
• ,. 

~· I 
l 

- I 
::~: 

·: I 

I 
I 
I 

~ I 

I 
1 

-------------

cos2 1 (Q • ~) 

1\.Jturnina to l!:quaticn 2.1, if we have Q > ~~ 't w • (J r tan ~ end 

Equation 2.2 m~at be modified sa rollowa: 

d Cf" z 4 tan ~ a"'z C0 -· d z D 

on integration, we obtain: 

4 c0 tan ~ L 

FA D 
• e (¢ ~ 9) 

Equat1ona 2.3 and 2.4 define the force ratio PA/FR for~ ~ Q 

while Equations 2. 5 and 2. 7 &llPlY for rj ~ Q. These results c:an be eom-

b1ned by exllresaing the force ratio in the following form: 

P_A • e 
FR 

where K is a function of ~ and. Q. For ~ S 9, 1C • c
0 

ten ¢ vhills f'or 

rj ~ 9 1 K • c tan Q, The wall resistance parameter K is lllotted 1n 

Figure 2.1.3 aa a :fUnction of ~ 1:1nd 9. The theory indicates that a max

imum \lall resistance exista, for which K .. 0.356. tJ.ao, the wall resia-

tance i'alls orr rapidly with increasing rJ for ; > Q, 

(2. 5) 

(2.6) 

(2.7) 

(2.8} 

a 2.1.1 
The general form of Equation 2. has been coo1"1rmed experimentally ; 
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however, int~bitnt dat. are available on the lhtar atrength ot powders 

at high at.reaaea to enable a detaUed COIIIparison ot the theory with exper• 

inutnt at this time, 'lbe required shear strength properties of powders 

Will be determined in the future under controlled onvil'oumental cond.itiona. 

For the present, an approximate comparison between theory and. exp4!rilllent 

is possible tor talc powder. Using the apparatus described in a previous 

report2 ·1.2, the shear atrength of tala was measured in a aeries of exper• 

imenta for compre1a1ve atreaaes up to about 6oOO dynee/cm2 • From these 

testa, the shear angle for talc was found to be fJ • 35•. Also, values of 

Q end K are available fram piston-cylinder testa reported in Reference 

2.1.2. These values for talc on aluminum are: 9 .. 33.6 degrees and 

K • 0.319. From theory 1 we obtain Kth • 0.266. on the other hand, using 

Ct.ata for tala on Teflon from Reference 2 .1.2, we find Q • 36 degreea and 

~xp • 0.358. The theoretical value 1n this case is ~ • 0.356, Thus, 

the agreement between theory end experiment 1s quite gpod for the limited 

dat.a available at the time of writl.ng. 

2.2 C9!9&otion Energy o£ Particulate Media 

During this reporting period we have studied the relationship between 

the degrees of compactiotl (expressed by the bulk density,./-)) of a ,powder 

and the energy required to ~roduce this nam,paction. Ex,perimenta were con-

ducted in addition to theoret.tcal analyses. 

2.1.2 G.,nera.l Mills, Inc. Report No. 2216, Fourth QUarterly Progress Report 
on Dissemination of Soli~ and Liquid BW Agents, (Unclassified Title) 
Auguat 10, 1961 (Confidential). 
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In settin& up an experiment. to detemine thia relationship one en

counter• '~'..he problem ot accurately detel'!IWling the enerl)' adllorbe4 by 

the powder. Nomally wt.1en • powder bed is c~cted 1 certain portion 

of the energy in»ut ia expended in ove:reomin& the fr:l.ction between the 

powdar and the Valla o't the container encloeing the bed. However, by 

mak1ns the bed depth sufficiently small, thia energr may be ne&lected. 
F 

Weight 
-...,..a..........:;... Platform 

Support 

Steel Rod 

Circular Piston 

FIGURE 2.2.1 Measurement ot Compaction Energy 
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Tbe experimental arrenp111111nt tllllPlayed in this preliminary ttudy ia 

akatcbecl in :Pigl.lre 2.2.l. 'lhe povd8r 1a contained within a c:yl1ndr1eal 

cavity f'o:rmed b:y placin8 au alumiu\lll template 0.433 em thick, in vhicb 

a hole 6. 34. em 1u diameter had beau cut, on a tlat. aurface as shavn in 

the sketch. A piston having a diameter approxilllately 0.005 em smaller 

than the diameter r::4 the hole in the template VII used for applying the 

load to the powder. Movement of the pie ton vas maasured by means of a 

ca"thetometer which could be read to within 0.005 em. 

The testa were carried out by filling the powaer cavity with the pow• 

cler to be tested (in this case, talc) and observing the displacement of 

the pilton resulting from ~~e applicAtion ot known compressive stresses to 

the powder. The powder used in each loading sequence vaa weigncd oo an 

analytical balance at the c0111plet1on (Jf' the experiment. ~e results of' 

these teata are aummari~ed in Table 2.2.1. 

These data ere presented. in Figure 2.2.2 with the atreaa plotted. sa a 

function of the invern denaity, l/,P. 'Ihe experimental results may be 

ex,preasedvith se~isfactory accurac4 qy an empiri~~t equation o~ the ~o~: 

The enargy E absorbed by the powder bad iJI given by: 

~ 
E(x) • J F dx 

X 

where F is the force act.ing on the piston and. x iJI the depth of the powder 

bad. 
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TABLE 2.2.1 

CO&PACTION DIEBGY MTA 

Mus ot Povdttr 
U&ed, grams .... 2.43 2.58 2-52 2.46 2.43 2-52 

Bulk Densit;y, graiD&/cm3 
lb. 

Stressz dy2es/~ (Average} 

0 o.l.6 0-17 (1.17 0.16 0.16 o.u 0 

0.~ X 104 0.27 0.28 0.28 0.28 0.29 o.28 0 

1.14 O.Jl. 0.32 0-32 0.30 0-33 0.32 0 

2.07 0.34 0.37 0.35 0-35 0-35 0.36 0 

3-62 0-39 0.39 o.4o 0.38 0-39 0.39 0.005 

5-19 0.41 0.~ 0.1&2 0.40 0.41 0.42 0.005 

9-14 o.44 0.47 0.48 o.~ 0.46 o.~ 0.010 

17-"75 0-52 0-53 0.54- 0.51 0.54 0.56 0.015 

~ . - -~ - ~ ··----~--~-........... --~~ ...... ·~::sa 
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S1Dce the area, A, of the bed remain• coastant ,. have x
0 

,;00 • x ;o 
where ,00 

1a the 1n11.ial bulk denaity and x
0 

1a the 1nit1al 4apth ot the 

pawder bed. Writing dX • x0 d. ~) ancl 1 • a-A, !quatiOZl 2.10 gives: 

1_.\ 1/;0
0 

E c$> • J A x
0 

,.. 0 a-d~) • W0 J crtp) d (lJI') (2.11) 

1/p 1/;J 

where w0 is the ma .. ot the powder in the bed and cr 1a the applied com• 

preasive stress. 

It was noted during the course of the experiments that the powder 

exhibited a marked. elaatia behavior particularly at high stresses. '!bus, 

with a certain load applied an auociatad amount of energy 1a stored in 

the material in a recoverable tom. I1' it u assumed that the material 

haa a linear elastic characteristic, this energy can be expressed as: 

'I 

l!l8 • J 11' dT • c J y' d y' .. c f . ~ . A cr y/2 

0 

where y is the distance that the piston springs back a:tter the ~val of 

the force F. This distance was measured !n each l'l.lD :f'or the d1fferer1t 

forcea applied and is given in Table 2.2.1 under the Ax column. 

(2.12) 

The energy of COliiPaction is thus givon by: 

"• • Wo t/1 a- (/.>) d (lt<') - Arr,t:.x (2.13) 

17/.) 
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Putting Equation 2.9 it)to Equation 2.13, cUvidin& b'1 W
0 

end :tnte• 

antil2g, we ~t tor the enarg.r ot ocmpactiOD per gru~: 

or 

(2.14) 

Using (....!..) • (...!...) • 6.07 end W • (W ) • 2.6 grams, we 
!Oo JOo average 0 0 average 

get the tollowing table from Equation 2.14. 

Table 2.2.2 

I -4 E:l/Wo x 10-4 E /W x lo-4 
1//) 

El W0 x 10 e o 
ergs/gram eri!!Lsram erS!Lf!!m 

3·55 o.4l 0 o.4l 

3.1 o.n 0 o.·n 
2.8 1.21 0 1.21 

2.55 1.91 O.ll 1.80 

2.35 2.72 0.16 2. 56 

2.12 4.j8 0.58 3.00 

1.87 7·58 1.68 5·90 

t:f' E/W ia plotted versus 1/ p 
0 

•• log•los graph paper, a straight Una 

with a slope ot min'U8 ~.37 1.a obtained as shown in Figure 2.2.3. Thua, the 

enerQ o:f' ecmpa<:tion, aa determined. trca theea experiments, is given by the 

eJDP1r1cal :f'o1'!1111la: 
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E l -4.37 l 
w

0 
"' 9·75 x 105 ~) erp/gru. (1.87 < j5 < 3·55) 

J 
2.2.1 

• S. Dlrr, Jr., has derived. an expression for the COIIII)actioll 

energ as a tunet1on ot the density which 1s of tbe form: 

I 
W- • cl 

0 [ 
/.) 5·344 ] 

{-) ·1 
/-'o 

Where /-)
0 

is the initial bulk density ot the powder and. c
1 

dependl 

on the initial bulk c!ensity of the powder, the absolute density of the 

beaic particle, the d.iameter of the basic pntiale~ and an undetermined. 

constant Ec which ia the energy per contact between two particlat. 

This relatiOnship is compared with the experimental results in 

(2.15) 

(2.16) 

P'igure 2.2.3 w;ins the experimentally dete1:'1111ned value of ~0 • o.l.65 gramajcm3 

and aasumins c1 • 1.92 x 102 • It is interesting to note that both the 

experimental data tor telc and the theory give a power law relationahip 

between the eners;r and. the bulk den8ity1 althougll the ~:xponente are sO!Ile-

what different. 

It appears likely that conUderable insigllt into the behavior of J:>OW· 

dera may be obtained from a study of the c0111pact1on process. The experi

mental inveatipt.ion of compaction energy will therefore be oont1nued1 

usins improved experilllental appare·tus wbicll wUl enable more precise mea

surement ot displacementa and rorcee. some Clf the e~recta which Will be 

2. 2 .l Derr, J. 8., Mathematical Model for Energy of Compac't.ion of a Bed 
of' Powder, B. L. Tecll. Memo. 9-22: Ph)Nlir.tt'l S~1l!lne-J D1v, Ft. Detrick, 
Frederick, Maryland. 
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1) CQillPiriaOD ot varloul powdera with reapect to ccapact101l 
euerg wdar controlled couc11tiona and. correlatiOD, it an;y, 
'betveeu ccapaction e-aersiea and bulk ph1f1cal properties. 

2) lftect ot moiature content. on aanpactiCll eners;r tor various 
materiala. 

3) Nature ot elastic behavior of powders and aaaociated h78tere
Jis ef1'ectl 1 it any. 

4) !ntluence of loadins hiatory on net cCIIDpllctiou energy change 
between two density states. 

- 16 -
Page determined to be Unclassified 
Reviewed Ch1ef, ROD, WHS 
lAW EO 13526, Section 3.5 
[)ate: JUl 1 9 2013 

•, 

' .. 



.. 

" 
~' 

-· ;-·,-
I' 
~ c:.: 

~ 
0!\ 
~ 

I 
I 
I 
~I 

I 

' 

I 
I 
I 

----·-, 
I 

In connection with 'botb the theoretical analyses ot force trana• 

mi .. ion 1u powders and the experi:De11tal studies ot deaSilomel'lltioo of 

finely divided aolida with slipetrellll ene:rg, there n.s developed a g%e&t. 

interest in the property o-r 1hear strength. For thie reeeon ettort haa 

been concentrated on obtaining experimental measurements of th11 p:r-operty 

during this reportill8 period. 

3 .l Shear Strength of Powders 

Figure 3.1.1 ia a sketch of the app~ratua uaed in maktng the sneer 

strength measurements. The d.isc and. surface are rou~ened 'by cemetlting 

puce a of 1100 a endpaper to tne surfaces. The rougllened sl.U'faca is 

necessary to insure sheering o-r the powder, rather than sliding Q'f the 

powder on the metal surface. ~· force necessary to shear tho powder 

1a determined by measuring the output or the !'ull 'bridge formed by rour 

SR-4 strain gages Which are cemented to the aluminum c:antUever 'beam. 

The procedure for making tbe shear strength meaaure111enta is as 

follovs: fl mask, consiating of a piece ot 0.1 Clll thick elW!Iinum with 

a 6.34 em diameter hole in 1t1 is placed on the roughened surface. The 

powder 1a si.ftecl onto the mask, leveled with a spatula, and the meek 

then removed. '.t'ho rougb.eoed disc, which ia 4.57 em in diameter, is 

carefully plcccd on the povde1·. Addi'l.ional weights are then placed on 

top ot the disc ·t.o give the desired contpresaive load. care muat be 

t.Dken to properly aliSn the d~sc so that it will not be aub,Jeeted to 

·a t.orque vhen the shear strength is measured. Force 1a then applied. 
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to the disc b7 meana of the caatilever betD until the dilo movu, tbue 

shear1q the powder. 

'rtla lh .. r atrenst)l ~ §!!. talc, an4 pal.rlin7l alcdlal povdara va• 

c:tatensine4 duriq tbe C1U'%'811t report par1o4, and the resulta ant pnt

aentecl1n l'isure 3.1.2. 'lbeae teate were ma~ at %'OOJil condit1Cill, i.a., 

75•J' and about 50• relative humidity. Each point plotted. ia 11'18\lnt 3.1.2 

is the average of four measu:rementa, 

3.2 Effect o'E HUmiditt on Shea:ro Strength 

Since it u expecte4 that tbe !llflchanical properties of mo•t povdera 

will be affected by humidity, the sheer etrength b'E p<Nden is being 

.studied under controlled humidity conditions. A controlled atmosphere 

cabinet has been obtained and. a system hal been 'bUilt to control the 

humidity in the cabinet in the range fr011 1; to 75; reJ.ative humidity, 

Figure 3.2.1 is a sketch a£ the apparatus. Sat\U'ated and dry air are 

mixed in the proper ratio to obtain the 4eaired. hUJilidity. Drying Unit ll 

contains abOut !'our litlll'l ot "Drierite" de8aicant. ~~ final. drying 

IDlit He c:ontaina Linde Molecular Sieve1 Type 13X. The atmosphere in 

the cabinet ia monitored by an 1ntrued. hygrometer which recordt tile 

humidity with an acauraey of ±.~; ot the abtolute humid.ity. 

rurins conditionins of the pwder, the ca'binet is Jllaintail'lecl at a 

very alight podtive presaur• (0.2 - l.O in. ot ~tater). It iJ maintained 

at the desired humidity tor at leaet 48 hourw prior to measurements in 

order to let the powder attain equilibrium with the environment inside 

the cabinet. .Diu'in1 the aat1.111l shear strength meaaurementa, the cabinet 
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1a ma1Dta1necl at a ve-q ali&llt negative pressure to facUitatt vorld.D& 

w:Lth the l'Ub'ber slav••. 

B)' ua1q ~la ayetem, the 1har etreagtb of~ povd.tr va. compree• 

siva load has been determined at variuua relative humiditiee. Pi8Llre 

3.2.2 is a plot. ot the :r .. ulta obtained (uch point. representing the 

average of fOUl" clete:rmiaa~iOM), It will be noticed that the she81' 

strength increases With increasing humidity up to ~ relative h1.UD141ty. 

However, at 45~ and greater relative humidity, the lhear atrength decxeaaes 

to a value lower thaD tbat recorc\ed for ·~ of the other conditions. Other 

inveatigat1ona3•2 •1 have obt•'iined sim1lar reaulta with finely ground 

Car"oovax 6000. A possible explanation for this apparent drop in the shear 

atransth can 'be otf'ered in tarma ot the condition of the .POWder. At the 

lower humidities the powder is in the fol'lll of individual particles. At 

the higher humidities tho powdor becamee caked and conta1Da many relatively 

large aasreaatea. These can be broken up by aittina the material through 

a screen, but the littad materi1l at1ll contains many asgrogates which 

are the size of the screen openiniJS. When the shear atrongth meeeurementa 

are 1118de, it 1a poaaible that these tgaregatea roll with the lllOVemant ot 

the disc. Therefore, it 1a likely that sCIIIle combination of ahear strength 

and. rolling 1'r1ct1cm 1a be in; measured ratb! r than pure shear strength. 

3.2.1 General Mills, Ine., Report No. 2229, P'Undamental Studies ot the 
D1aper81bil1ty ot Powdered Materiala, P'1ttb Quartarl;y Progress 
Report, Contract No. DA·l8-lo8-405-CML·82~ (30 September 1961). 
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ll.lrins the 11e::ltt quarterly period, the shear atrength ot Bacillus 

Jllob1e;ii veraus compressive load vUl be determined a1 a :f\lnction of 

relative hum:Ldit;r. 'l'o supl!letaent thea• eXI!t'rilllllnta, the 110lature con

tent of both ~ and !I will be meeaured after expoaure to constant tem

peratunr :mviromllenta of different relative humidity. 

Testa alao wUl C. made on the shear atrength of ,!! containing Te.ry

ina amounts of Cab-0-BU, a deaggl.Ollleration apnt, to d.ete;rmine the opti

mum concentration tor minimum ahear strength. 
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4. IllSSJHmla'IOI AttD IliAGGlD1DA!ri011 S'l'UDllS 

4.1 Intr<lducrt.icn 

Studies on the diasem:tnatioD ot !! s:.tmulaat were eoaducted. in the 

higb•eubacnic Yincl tunnel cSI.u"inl this reporting ;er1od. '111eae experiments 

were concerned vith determination of the desree of deagsl.omerat1on pro• 

duced by the air atre.a when compacted and unccmpected !! l~re diasemioated 

. ~ rt lj..l.l 
by the piston-type diaaeminator, described 1o our ear.-ier .repo • 

All of the evaluation of deaglomeratioo wea performed by micrcac:opia 

examin&tiOil of particles collected on M11lipore filters, plac•d in the iso

Unet:l.c particle sampl1n1 probe. This procedure, although it is lllUch more 

d.itf1cult than the !Whitby centrifuge method (which 1s also in use on the 

project) vas coaaidared nece11aq for this .Pha•• of the work. The micro

scopic anal)'SiB technique minimaes the probability of breaking agglomerates 

collected fr0111 the airstree alld permit• examination of the nature of 

individual eggl~ratea. 

TW'o types of atudiel wel-"8 made. In the tint, the particl.e abe d.ia· 

tribution o:t' the collocted particles waa determined by direct counting. 

In the eec~d, apaci!ic attention was given to the presence ot agglomerate~, 

and the number of agglaoeratea compared to the total particles was deter

m:l.nad. CaDpacted ~ samplea up to 0.65 gr&JII8jam3 were studied The results 

ot these studies are given below: 

4.l.l General Mills, Inc. Report No. 2161, second ~arterl:f Progress 
Report, Dissemination ot Solid and Liquid BW Agents (Uuclasaified 
title) Feb. 13, 1961, p. 36 (confidential). 
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4.2 l!a D1asataat1on • Pnticle Size Distribution 

'1'h8 <laa88le~~~erat1ou ot §'! in a hip velocity air atreDDI vas deter

mined b}f ccmpartns the particle •.tze distribution of the 11111terial betore 

and atter diaaecination it1 the wincl tunnel. In thest testa §!! "B"* va1 

inJected at an approxilllate velocity of 4 meters/sea 1t1to an air stream 

maintained at Mach mmiber o. 5(). 'lllo resultins aerosol was sampled at the 

-t.uru1el epcit CD Millipore :f'iltera used vitb the hish velocity sampling 

probe. 

A microsc:opic method waa employed in analyzing the S8111plera. The 

specific techniquas uaed in preparing slides tram the wind tunnel sampler 

and the method O'f measuring the partials& ere disaussed in the previous 

prosreaa. report4 ' 2 ' 1 • For analyaia of the c:ODtrol material be:fore dis-

&8lll1naUon, !!!! was dispersed in 'benzene with a Wllrins blender. One drop 

of the suspension was placed on a Millipore filter from which a slide 

was prepared using the technique d.1acuaaed in the reference. 

The !!, a:Unul.ant v .. d15seminated in both its loose and compacted 

forma, a·t bulk densities of 0.33 and 0.50 f!111/cc respectively-. In the 

latter caae tho material waa aompaatad with a low-friction, p1stoa device 

in eylind:l'ical aefiPDentll with a length to diameter ratio ot 0.15. 

4.2.1 General MUla Report No. 2216, Fourth Quarterl;y Proareas Report, 
Dissemination of Solid and Liquid BW Asenta, (Unclassified title) 
August lO, 1961, pp. 99·100 (Con:f'1dential). 
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I 
Since the motature coatnt of §!! b.aa been found to 'be extre.l1 

impcrtamt in dlaglomentioD, th1a factor vas controlled by storiDI and 

vorkins with the material iD a dry "oox at dew point tempera-tures below 

-23•c (Rtt~tive llUllid1ty, 3 percent). Ic these testa the !! moilture 

content. vas thereby maintained. at 1. 7 percent. 

A al1gbt mocU1'1cation of the piaton-t:ype disseminator diacuased in 

an earlier progress roport4·2 ·1 waa made for these teats ao u to provide 

a close control over t.be inJection al aall quantities of material. .At' 

the bottom end of the piaton, a apeoial acrev was installed at the axie. 

!t has a diao shaped head wb.icb is of the 8AIIIe diameter aa the p1aton. 

A apace of 0.63 Cl'll is provided betveen the end of the piaton and the 

disc, into which the !! 11 loaded. During ejection the disc tn1vels 

0.7 em into the tunnel air stream and SJDall quantities of material, such 

as 0.01 SID• are relaaaed. duriQg period.& leas than 1.5 m sec • 

In these teats the average 111&88 flow rate of !! dUring dissemination 

waa about 4-50 p/min (1 lb/min). As in previoua tests, the resulting 

aero.ol w .. concentrated. near the upper tunnel wall. 'lhere1'ore, the 

samples were taken at a pe~aittoa 0.63 c:m ~elow tha surface. 

Figure 4.2 .1 showa 'the particle size distribution o't ~ "B" befCire 

and after d1aaalllinat1on, plotted on los probability _paper en a number 

baa1i. For each test 5 microscopic slides were prepared and a total or 

1000 particles were measured. Ea<lh troatment represents an average of 

4.2.1 General Millo Report No. 2161, Second Quartel'ly Progre88 Report, 
Dissemination of Solid and Liquid IJi Agent (trncl.asaitied title) 
Feb. 13, l~Gl, pp. 35-36 (contidcn~iol). 
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two tnta 1 '!he reeult• . show that apprcximatel.y 94 pe:ceat ot the parti• 

clea were amaUer thaD 5)', in all casee. 

ror f\u'ther 1nlia!lt into these data, an anal.yeia r4 variance vas per

torme<l. the <:Ol!WODenta of variance that exiat are between treatments 

(bulk densities and control), beween samples (replicate rwts of a given 

treetment) and t.he ~aid.Ual (between difterent microaeope tU.dea prepared 

fro. the aame sam~le). To facilitate this analysis, the distribution re

sulting fl'OID each micl'Qacopa slide na reduced to a basis o!' 100 particlet 

and discretized. into three haetion.: 0.88· • 1. 7Y' ~ l. 75 - 3· 50)" anci 

3· 50 - ll.4)t. For the analysia each fracticm was treated. separately. 

At the lO~ con!'id.enee level no aignii'icant difference exiata between 

samples ,1' the same treat.Dutnt. Tbua, the variance• may be _pooled to pro-

vid.e a better eatimate. ~e percent of pertiolea in each fraction unlier 

the effect at each treatment b Biven 1n Table 4.2.1 together with the 

ovenll. roeana, pooled atandard dlilviationa and ooefficieota o!' variation. 

TABLZ 4.2.1 

TABULATION 01 DISPERSED DAn 

Fraction 

Treatment 0.88 - l.Jf# 1.75- 3·52# 3.50 - ll.4p. 

Control ;1).1 

Wind 'l\tnnel ( ,..013 • 01 5) 56.8 

Wind Tunnel ( ,..CB • 0. 3) 53·6 

OVerall Mean 53·7 

Pooled St~. Deviation ;.2 

coert. of variation 0.10 

- 29. 
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'lbe naulta o-t the an&lJ'Itia ~ variance plua iDapectiOD of I'1sure 4.2.1 

and Table 4.2.1 lila)" be BU1111Uile4 b7: 

1. Each t%'tatment 1a reprodllcible. There exist no atat1at1cally 
aipi:f'icant d.i:rhnnc.. between IIIII,Plel 0: each treatment. 

2. 'l!le difference between diapers ion in all the vtad tunnel teats 
11 negligible. 

3· ':l'he control sample d11t:r1butiou 1a coaraer than thoat obtained in 
the w~a. tWUlel.. This impliea a better clisperaion was obtained 
in tbe wind tunnel than in prsparation of control &SJIIPlea. It 
ia felt this difference arilea from difticult1es in preparing a 
microscopic control sample. The difference ia eonaidered to be 
within al!~~ptable limits 1'rcxa tho practical standpoint ot 
de a gslomerat ion. 

4.3 §I DiaseminetiOG - A§Blamerate Studl. 

The desree of deassJ,omerat1on. wu also stuclieci o<~er the rense or ~ 

bulk denaitiea, 0.30-0.65 f!JIJ/cc,.by d.etal'IILining the relative number of 

eggl.omerat.. and 'beaic partielee present on Millipore :til tar samples. 

The sampling probe was again located 0.63 em below the top wdl. At 

th:La location the observed aglomeratea were all below 20 microns in size, 

with the 1118Jor1ty in t.he range l-5 microne. PJJJo, they pr:1mar11y cons1eted 

of doublets and triplets. The pouibility of d.OUbleta 1'ormioa ae a result 

of two basic particles falling at the same point on tha filter means that 

tho date o'bt.ained should ce on the CODaervative side. 

Figure 4.).1 ehows the percentage of particulate materiel sampled 

that. conSisted or aSS].omerates. For eac:h data point 1000 particles were 

counted uocler the microscope. There appears to be very good deagalomer

ation at bulk densities up to 0.6 ~/ca. However, at bigner densities a 

sharp 1ncre~ae in the prHenc:a o:t agglomerate• waa found. Alao, it vas 
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o'beerved that a veey 1111aU number ot agl.C1118ratea, on the orc!e1" of 

200 m1crcae vere aapleli at the higher danaitiu. In :t\ltur. experi

menta, theae vUl be atudied 1\\rther to eatabliah the IIDOWlt of maaa 

they repreeant. 
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In the field. ot dry agent dissemination, one of the principal o'bJec• 

tivea on this project !a to RZ'OVide a solid-agent external diateminetina 

store Wich Will be ea nearly aa poaaible univeraal vith respect to the 

carrier eirc:raft, the eharaetenatica ot tbe agent being diaaeminat.ed ao.d 

tl:te type of mission beins performed. Re•eerch conducted under this pro• 

sra has provided data in several areas related to disseinator deligo 

which now alee 1t possible to establish a design concept for the first 

full-size airborne dry agent d.1eaem1n.at1ng ator.: to ba hbricated under 

u later phase of this project, These i'indinge ere 'br1e1'ly s\Ullllllrized 

below: 

( l) 

(2) 

Deagglomerat1on atudies in tbe hign-subsonic Wind tunnel have 

shown (Section 4) that dry 8m simulant (with moaiture content 

of 1. 7 percent) is satishctarily deagslomerated by "" air

stream at Mach number 0.5, when compacted to a bull density 

of 0. 5 p/ r::m3. 

E:xperilllental studies of the eff'ect ot compaction on the 

viability of Sm reported. prev1o\.18J.y5·l.l have shown that 

approx1matel)'tro percent of the original viabUity ia n• 

tained after compaction with presaures as h1gn aa 16 atmos

pheres. IDdependont work at Fort Detrick indicate• that 'bulk. 

denaitiea of approximately O, 5 a.ra feaaiblcs (from the vi· 

ability standpoint) with dry UL aeeut. 

( 3) In connection with t.he abovl! studies it has been observed 

that eQDPacted plugs of~ (with low moisture ci.'ntent) can 

be readily brolcen into agglomerates which are generally in 

5.1.1 Q4!1neral MUla, Inc. Report Nu. 2216, Fourth Quarterly Progreaa 

Report on D18temiaation of Solid and Liquid :aw Agants (Unclaasi• 

~ied title) Auguat lO, l96l (Confidential) p. 113. 
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the millimeter size range. B1f91 speed photographs have 
shown that compacted plug~~ several millimeters in diameter 
ara readily doagglanerated in the vind tunnel it the moi.s• 
ture content u maintained below approximatel1 2 percent. 

The e.bO'Ie work indicates that pt•ovi81on should be ude :tn the 

design ot the airborne disseminating store for handling compacted 

sol111 agenta. Por maximum flexibility 1 t 1a aalao deairable that the 

store be eepable ot disseminating un1mpacted agents. It is antici

pated tbat. the design concept described belov vill be flUi table 1"or 

both applications. 

5.2 Design ConceRt 

Fi.gure 5.2.1 shows the principal features of the ~'1 age~nt dis .. 

seminating store currentl't under study. A cylindrical agent container 

is located insic1e the aeroeynamic:ally sheped outer sldn. The space 

outside the agent container ia filled with low-density foam insulation 

to minimizo heat transfer into the agent baf'ore arrival at the target. 

The agent container ia fitted vith tvo pistons which are IIIOUDte4 

on a lead screw which extends the tull length ot the cylinder. Rota-

t.ion of' the screw advances the pia tons toward the center o'f the store. 

This is accomplished by providing a lett-hand thread on one side and 

a right-hand tbroed on the other. A guide fixed to the cylinder pre-

vents the pistons from turning relative to tha cylinder. 

At the centor of the agent storege container, a diaaggregator is 

~~nted on the shaft which scrapes the agent from the tvo plugs which 

arc advanced from each side. The loose material falla to the bottom 

of the central eection where it is discharged through an orifice in 
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1 tvo-phaH lll1xture vith the mativatins gaa (probably dr7 nitrogen) 

wh11.:h is 11tored in a cylinder in the aft-aectiOD ot the store· 

The central shaft of the disseminator is driven by an electrio 

motor through a high-torque variable a ,peed transmiaaion. The paver tor 

the system is generated by a rem•air turbine loeated in the nose of the 

store. 

~is eontiguretlon appears to have several advantaaes, the moat im-

PQrtant of which are lilted below: 

l. The leagth•to-diameter ratio of the plug O't material being trans

lated ey the piston is appl'Oximately 31 which is compatible with 

moderate frictional forces. ResearCh 1nveat1gationa on this con-

tract have shown that the force required on the paton in such 

systems increases exponentially with the length-to-diameter ratio 

and becomes prohibitively higb at values {L/D N 6) which would be 

required in a single-piston system designed for best utilization 

or an optimum external ston shape. 

2. This eonfiguration v1ll maintain the eenter of gravity within 

narrow limits during the entire dissemination ~n, in con~rast 

with a ay&t811 in whicll the material 1a tranarerred to the aft 

end of the store. 'rhia feature will minimize the required cor• 

rections to the fl1~t. controls during dissemination. 

3. The arrangement of pistons is convenient for exper:imental use 

o~ th~ disseminating store with smal,_ ~-·.usntities of solid ngent. 

The resid.u8l quantities of material should be minimel and fill

ing with a small quantity will be possible. 
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4. Matariala with a vide range of bulk density should be c:ampat

i'ble with thia c:onfi~tion giviDg a llldiliUII flexibility to 

the disseminator. 

5· The power required to drive the !12eeban1u is low, and will 'be 

COJll.Patible with that available fraD a smell ram~air turbine. 

Th.e piatona and the alow-apead diaassregator put a very low 

e11ergy into the dry agent, minimizing heating ot the asent. 

6. B1 providing a spead-telection f~ture, a wide range of teed 

rates will be available. We are currently plennins to provide 

speedS ot 1~, 75~1 50~, 37 • 5~ and 25~ of the llli\XimiJlll rate • 

5·3 Other Design Conaideratioaa 

Prelim1118ry study haa been given to several aspec:ts of the .dry-agent 

diaaem1nator design, ae summarized below: 

5.3.1 External Shape 

Six external store shapea have been considered., as liated below: 

Store De•ieaation 

NACA .. 65A 

N~A - 65A 

NACA - 65A 

NACA .. 65A 

Cylindric:el :Body 

DAC Store 

- 37-

tllliiD&ifAE 4 

Fineneaa Ratio 
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10 

12 
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ordinates for the NACA - 65A aeries vere presented in the Second t;tuarterly 

Progresa Report. 5 • 3 •1 OZ.dina tea for the cylindrical bod¥ and the DoUglas 

Aircraft (DAC) store are given in Table 5·3·1· 

With respect to these store shapes, two i1Jlportant considerations are: 

1. The aerodynamic drag, and 

2. The volume of the largest cylindrical agent storage container 
that can 'be placed inside the shell (see Figure 5.2.1). 

Tho aerodynamic drag of these store shapes 1a summarized in 11gure 5·3·1· 

It may be seen that at subsonic velocities below M • 0.9, all of these bodies 

hsve low drag coefficients (belov cllfr "' O.l). rn 3uperson1c flisht there 

is a considerable increase in the dras coefficient, and the spread between 

the several configurations is larger. The DAC store and the NACA - 65A store 

with R. /d .. 10 have the best supersonic perfo:rm.ence. 

1\ study was elao made to determine the volume of the la1"8est cylindrical 

agent storage cont.111ner that would 1'1t 1n the stores. For illustrative pur

poses a :f'ixed nmx:lmUII outer diameter o'f 22 inches was used. Table 5. 3.2 pre-

sente the result•, for !:he six 'eseB stUdied. '!'he higbest agent volume was 

for the cylindrical bony. rn final selection of the store sha9e 1 this 

desirable clwracteristic must be weighed against the drag advantage of the 

nAC store in supersonic flight. The NACA - 65A storo with 1./d • l2 iG favor

able (consider:l.ng agent volume) but is not a very practical design because 

of clearance problems associated witn the greater length. 

5·3·1 General MUla, Inc. Report No. 2161, D:lsaemination of Solid and 
Liquid BW Agents (Unclassified title), Feb. 13, 1961 (Confidential) 
p. 71. 
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T.A.BLI 5·3·1 

ORDINATES, IB PEBCDr 0'1 tmQil'li1 FOR cYLINDRICAL 
BOD! AlfD !lAC STOU 

Cllindrical Be~ 

Fineneaa Ratio 9·33 

xLl, ;2ercent r/1, percent 

o. o. 

.J60 .3()0 

1.210 • 7'YJ 

3.o4o l.44o 

4..870 2.090 

6. no 2.650 

8.260 3-070 

9.15() 3·290 

9.690 3.~ 

10.040 3.·roa 

11.990 ),94() 

l3.l40 4.120 

14.290 4.300 

15.440 4..440 

17.740 4.(00 

20.040 4.92() 

22.340 5.o80 

24.640 5.200 

- 39 -

~c Store 

Fineness ~tio 8. 57 

x£11 R•reent 1'J..l1 ~ereent 

o. o. 

1.944 .946 

4.(22 2.033 

7·500 2.869 

10.278 3-513 

13.056 4.016 

15.833 4.416 

18.6ll 4.745 

21.389 ,,02(, 

24.167 5-272 

26.944 5.485 

29.'722 5.661 

32·500 5-785 

:35-278 5-833 

42.50() s.B33 

49.722 5-833 

52·500 5.B12 

55.276 5.749 
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Table 5·3·l Coutinued 

x£11 i!•reeo.t rLla :2ercent xLll 2•reent r Ll1 ,2ercen t 

26.94Q 5·300 58.046 5.646 

29.240 ;.~0 60.833 5·507 

3l. 540 5·360 63.6U 5·332 

61.700 5·360 66.389 5.125 

68.690 ;.200 69.l67 4.800 

"(4.950 4.. 'T6o 1l·944 4.623 

81.220 3.940 74.·722 4.334 

87.480 2.760 77o 500 4.023 
• 

90.600 2 • .:.10 8o.276 3·693 

93.750 1.420 83.056 3·347 

96.890 .[20 8;.833 2.989 

98.4-40 -360 08.611 2.620 

100.000 o. 91.389 2.246 

93.6ll 1.944 

95.833 1.63() 

98.056 l.2o6 

lOO.OOO o. 

Source: Stevena, J. J!:, and P. ! . Parser, ":Pligbt Measurements of the 
Transonic Dng of Models of Several Isolated EXternal Stores and Nacelle&" 1 
NACA Research Memorandum RM L51.:I,CJ7, 1955, p. u. 
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ot Isolated Stores 

Source: Stevena, J, E. and p. E. PUrser,"li'light Measurements of 
Transonic Drag ot Modele of Several Isolated External 
Stores and Nacelles", ~!ACJ\ Research Memorandum RML54L<>7, 
1955· 
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TABLI 5.3.2 

DDtEIIBIONS FOB MAXlMUM VOI1JMB T.AIOCS J'I'l•l'INQ 
INSIDI BODI1!3 ~ UVOW!'Ictt 22-m. MAX. DIA· 

1• (l-I11o Min. Clearance at End8 of Tank) 

Agent 
~ 1inenr.sa Vo.l.ume Length Diameter 

Y.! De•iEation Ratio ,cu. l'll·l ~In·l {In·l 

NACA - 65A 6 ll,41f0 58.0 15.8 3-67 

NACA • 65A 8 15,420 81.2 15.2 5-23 

N.ACA - 65A 10 18,900 94.0 15.8 6.07 

N.hCA .. 65A 12 23!150 116-5 15.8 7·37 

cylindrical. 9·33 28,;oo lll.l 18.1 6.15 

DAC tj.57 19,500 94.8 l6.J 5.83 

5·3·2 Diaeuasioa of the Rotating MeChaniama 

It 111 currently planned that the rotational speed ot the central 

$haft will be used. as the main control of f'eed rate. The function of 

t.he gas flow will be to discharge the material into tile slipstream at 

the Senle rate it is dslivered by the pistons. It u planned t.tuJt thA 

unit will be provided with a speed selection f'eal:.ure to permit operation 

at lOOCf,, 75~, 50~, 37. 5~ and 2;; ot the III&XimuiD speed. considering tne 

possibility of intentionally varying tne bulk density of the agent over 

a rense ot approxi:Datel;,o 2 to l, these 5 speeda could provide • range of 

agent me•• flow rate• varying by a factor ot eignt (8). 

Tne process of removal of material fl'Olll tne advancing slugs is a 

slow-speed low-energy process which should have a minimum effect on tne 
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vhbility of tbe agent. For Ulustrative purpoua we may an\tlle that tbe 

agent mass now rate 1a to be ~ pounda per minUte, the diameter o-t the 

agent c.ontainer 1a 18 inche1, and the agaat ia initially compaotecl to a 

b~ density of 0.5 VJIJ/em3 (31.2 pouncla/tt3). Each paton muat then de• 

liver 0.482 -tt3/min, whicll correapcmds to a rate o't advance of 0.272 tt/min. 

A rotational speed of 16 ~ would be c6mpat1ble with a rate ot advance of 

0.017 ft ( .20 incb)/revolu.tion. A variety ot designs for the r11aaggreijltor 

su.gseat tbemaelvea. Multiple cutter-blades are _perbapa the moat straight• 

forward design. An arra:v or spikes or needles 1a alae a poea1bU1ty. Such 

. designs will be evalu.ated in future laborato17 itrleat1ptiooa. 

Witb the lead acrew l'l.lnllina through the cylinder, it will be necessary 

to devise a method for cleaning out the thread Juat ahead ot the piston. If 

this is not feasible, the screw will ha':~ to be covered by a teleacopini or 

collapsing ahroud. 

It will be neceesar:y to seal art the ends ot the e:rl1ndera to prevent 

escaping material adhertns to the cylinder walls. Thie mi8Bt be· done by 

placing a bu.lkhea <1 at the enda ot the cylinder, An alternate solution would 

be to use a pleated sleeve sealed to the pilton at one ead and the cylinder 

at the other. M the piston movea toward the center, the sleeve would urd'old. 

As the piston movea tovard tbe center, the 1pace behind. the piatoo muat 

'be filled with air (or other gae) to equalize the prueure. 

One upect ot the proposed concept which need.w to be investigated 1110re 

f'ully ia the force required. to move the piatona when the cylinder 11 load.ecl 

with compacted material. Data p~sentl7 available on p1eton forces pertain 
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to amaU-diametar CJlindara initiaU., filled with looaa material. Testa 

.re needed in which material 1a cc:apaeted into cylmcs.rs approx11Utel7 

18 inches in diameter and. tore• requil'ad to :DOVe the eanpected load are 

measured. ID the &~vent that exce .. iveJ.r large eylindar nl.l reatative 

fore .. are encountered, mathoda will be I!IOUght f'or reducing these forces. 

some thousnt h .. been given to methods for eccomplithlng thia. 

Since theae forces result :from radial preaaure of the compacted. 

material against the inner cylinder wall, it should be posaible to lover 

the force ~ the cylinder of material 11 allowed to expand aligbtly after 

the material is canpacted. This could be accompli.thecl by cOIIIJ)&~t1ns 

the lllllterial in an auxiliary loading cylinder which ie sligbtly smaller in 

diameter thtn the cylinder in the store. When the compacted plug is pushed 

into the stoN, the plug can be ex,panded, without creating hisJ!, radial 

preasurea. 

5.3.3 Eattmate of Paver Required to Drive feeding Syetem 
"''. 

Beceuae ot the low rotational speed. (approx:!Jutely 16 rp) ot the 
.. 

diaagreptor, the power consumed. by thil poriiion of the unit 1a expected 

to be 111118ll relati"Ye to the ,POWer required to move the materiel along the 

cyl1M.er by meana or the acrew•driven pistons. An nt:lmate of the power 

required to drive the p1Jtona can be made 1f the experimental value• of 

piston force• obtained with small-diameter cylinders are aaaumed to apply 

to large-diameter cy11n4era as well. '!MJI relationship will be studied in 

detail before final deaigna ue made. However, preliminary indications frc;a 

testa With talc (compressed to 0.5 pjcm3) are that a preesure or 20pa,1. 

wUl 'be adeq\.141 t.li. 
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'l:o oxcrt a preeaun of 20 ,pe1, a paten 18 inches in d.iameter muat 

be driven by m axial force of 5090 lba. 'Ite screw which drivel the piston 

baa a pitch o:r 0.2 inches. If we aasWDII a conservatitM value O'f 15 percent 

for the efficiency of the screw, it 1o possible to calculate the torque 

which DIWit be applied to the screw !rom the following equations 

where: 

T • applied torque 

P • axial force 

p • pitch of screw 

e • efficiency of screw 

Thus: 
5090 (.2) 

'r .. .. 1080 inl'h lbs. 
21i( .15) 

Since there are two pistons on the screw, the total torque required is 

2160 inch 1 bs. 

The horsepower required to drive the screw is calculated by means 

of the following equation: 

Horsepower • 

where: 

N .. speed in rxu 

21iN T 

33,000 

T • torque in ft lbs. 
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Therefore, 

21i X 16 X 211260 
Roraepover • • • 55 

33,000 

l'O'Ver ot thia magnitude 1s readil1 attainable with ttl~ r.am-air 

turbo-generator proposed aa the power &ource. It ia quite _poasible thet 

experimental reeulta will d.emonatrate that valuea selected. tor the above 

calculations were too eonaervative and. that a lover power re~iremant can 

be aaeigned to the SCl'eW drive. 

• 
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6. sTUDD:S 01 m m PUJMB PBOBUK 

6.1 Introduction 

We ha,. been very muoh intereated 1n evaluating the potential 

deletu1ous effects of hot gaaea :f'rarl Jet engine exhausts 011 the viability 

ot lJl aerosols. 'lbia · conaideratton is believed to be important 1n cues 

where the disseminator is lo¢ated in close proximity to an engine, such 

aa a center-line inattllatian on a single engine aircraft or on inboard. 

pylon inatellatiou on amall aircraft where the separat1ou d.iatanc:~t ia 

short. 

We have experimentally studied the effect of elevated air stream 

temperatures on the viability of' Serratia marceseens, aerosolized from s 

liquid Buapenaion1 and have round substantial loasea in viability, for 

e:xposure duratiOns as lew as 0.6 seconcla. Tb~ moet recent work ia dis· 

cuased. in Parasr-pb 6.:2 below. An anal¥Sia baa also been made which 

indicates that, in casea v~~re the aerosol is released close to the 

engine, mixing. of the aerosol cloud. and the engine exhaust is very likel:V 

to expose the 8iological material to temperatures wh:l.eh are high enough 

to reduce the viability of the aeroaol. '!his work 1a diacuaaed in Para-

6.2 Effect of Elevated Air Stream Temperatures on the V1eb111tz of 
Serratia marcelcena Aeroaol1Jed tram Liquid Suspanaicn ~ 

In the prav1oun repc!'t6 •2 •1 it "'aa shovn that the viability of 

Serratia mareescens aerosolized from a liquid suspension was signifi

cantly rechlced by exposure to temperatures of 50°, 75• 1 100• and l25•c 

6.2.1 G~neral Mill8 Report No. 2216, Fourth Quarterly Progress Report 
vu. D1e&eminat1on of Solid ond Liquid. 31 J\gent.g (Unclueit1~d title), 
A~~t 10, 1961, pp. 2-9 (Confidential}. 
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f ~ J tor a period of l. 7 aecon~ ~ 'lba purpo.e o~ then experimeDta vu to 
~.· .. 
f · obteiD ~ta wh1cli would enable prec11ct1cm ot the emct. of mixiDs a viable 

i I biolosical aeroaol v:Lth the hot exhaust pees of a jet ens1Jae. kA exposure 

~ I time as large aa 1. 7 seeond.l vaa CODSidered neceaaal"J in order to acccUDt 

:[ tor turbulent mixiag efteota whiah exiat at the point ot 1ntercept1ou of 
r f I the aerosol atre811l1nes vi th the jet plume. These exper:1menta have been 

:<r 

" 

I ~ ... 

F I 
'· 

f 

"' 

I 

continued during the present report period to investigate the ef'f'eet ot 

shorter eXllcaure t.imea at various temperature•. Data reported here were 

obtained. at exposure times of 1.1 and 0.6 aeconda in the temperature ranp 

f'rom 50• to l25°C· 

6.2.1 E!perimen~al 

The eX»ertmental setup waa identical to that previoualy deacr1bed6•2 •1• 

Aerosols were generated. uaing a modi:f'ied Vaponephrin ne'bul.izer charged with 

6~0 !lll of the !! suapensiOQ. The aerosol• were S8111pled. simultaneously froa 

both the heated. les of the apparatus and the unheated control leg uain; 

All Gla .. 1mp1ngera. Flow rate in all e~rimenta waa l2.5 liten per minu:te 

and the duratioa ot' each run was 1!/ minutea. Viability cleterminatione were 

made 1n the manner diaauaaed in the abovtt referenced ra11ort. 

6.2.2 Reaulta and ptsausaion 

The effect on viability of exposure o~ 2! aerosolG to heated air 

streams £or perioda ot l.l and. 0.6 seaond.l ia presented in Table 6.2.1. 

These data on the mean percent recovery ae a fUnction ot temperature are 

plotted in Figure 6.2.1 along Yith the data pre•11ouecy obtained at an 

exposure time ot 1.7 seconds. It is apparent from thia figure that, 
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FIGURE 6.2.1 Effect ot Heated Air Stream. on the 
V1•~1l1ty ot Aeroaola ot ~ mareaecen• 
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regardless of tbe expcaure time to heated 111'1 the viability decreases 

repidJ.7 Yith increaaills tempereture. 

Temperature 
c• 

25 

50 

75 

100 

l25 

'l'.AlWi 6.2.1 

EI7EC1' t:a IUVATID AIR STRBAM TDIPERA'l.'UBBS 
Ol'l TH1 VIAliii.n'I 0'1 S. MARCESCENS 

AERCEO:LIZBD l"ltCN LI~ SUSPmiSIONS* 

Reeovery 1 Percent 
!XJ!OI\U'e ~ime, Secon~ 

1.1 SeCODcla 0.6 Seccadl 

100 

95 

70 

25 

7 

*DuratiOn of all run• was 15 minutes 

100 

95 

68 

44 

10 

The reaulta obtained to data indicate that a viable aeroaol, formed 

frOID liquid suapene1on and then expoaed to heated air, attains' tempera'blre 

eqli111brium with ita surroundings very rapidly ( <: 0.6 seconds). AI a 

result, thera is an apilreci&lble decrease in the v1abU1ty o'f the organisms 

even for ehort ~xpoaure times at fairly low temperatures. 

The eonelusiona reached as a result of this at~ are baaed on tbe 

experimentally determined behavior of aerosols produced from a liquid aue4 

pension of the one t1Jzlulact, ~· S1milar experilleats will be _parfo:rmed in 

the future on aerosols ot Serntia lll8rceecens and Bacillus globig11 produced 
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:!'rom the d%7 materiel. Thia future work v1U prov111e intomatioa on 

the behavior or aD additional aimulant, and also vill det.l1'1111U the .U.• 

ceptibility ot these o:rpn1nll Yheu they are .U.aemineted. d1rectl)' tral • 

dr)' agent store into a heated air stream. 

6, 3 Analysis of Jet PlUDJe Mixing 

Attar reviewin& the earlier work on this eubJeot we :f'OUDd thet a 

geometric approach vu being used; that is, the degree of interaction 

between tlle aero•ol cloud and the Jet exhaust was being determined b)' 

eatilrlating the geometrical shape ot the aerosol cloud and superimposing the 

averase telaperature profile• of the engine on this cloud. Conclus:Lcua were 

then drawn u to the proportion o:f' the aerosol eloud vb.ich would be exposed 

to temperatures above a selected critical level. We feel that thia epproac:h 

dOes not properly CCXlaider the turbulent nature o:f' the exhauat plume, vhich 

(oace mixing of the aerosol with the plume occurred) could bring the bio .. 

losical material into repoa. ot much hiahtl' tempo:rature than indicated by 

the plot of tha avenge temperature distribution. 'lberetore, it appears 

that the boundary ot the Jet plume eatablishad by the velocity disc:ontiu• 

uitiee are more 1lllportant to thia problem than that established by a 

selected average temperature profile. 

The boundary of the jet plume can be deftu.ct •• the au:rface on whic:b 
v- v 

the velocity ratio - 0 • 0.10 where v is the local mean velocity, v 
v - v . 0 

I 0 
1& the flight speed and V 

8 
it the mean velocity on the axis ot the jet • 

.According to Kuchemaan, 6.3.l this condition 11 obtained on a conical sur-

r,ce having a semi-vertical angle given by: 

G. 3-1 KUclleunn, D. and Weber, J., J\e:ro~llics ot Propulsion, McGraw-Hill 
(1953}. 
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8 
being the velooity at the exit o1 the engine. .NJ aa 

Ve 
illustrative caae, takiag ). • o.:;, i • 3 d.egre$a. 

At thia boundary ot the plume, air is entrained troa t.he surrounding 

atmosphere. A study of tlle entraiiiliiCt of air by the jet exhauat 11l41catee 

that streamlines originating upatreB.IIl of the plume tend to be deflected. to

ward the a:x1t ot the jet before antaritls the klume. However, neglecting 

th11 tenaancy for the aerosol to bt draw into the plU118 , the point of 

entry into the pli.UII8 may be calculated by asauming that these atreaml1nea 

are straight linea parallel with the ensine u1a. For an eXUlple cue of 

a small dro-·'!, what'& the d.iaaeminator DIOUDtins atation is approximately 

three teet from the center line of the ensine, thil point of entry into 

the plume would be at a distance of i • 57 ft. downltraam from the eogine 

exhauat nozzle. 

Using reaulta trcm R~farence 6.3.1, the temperature diatri~tion alons 

the axia of the plume can be repreaeuted by the em,p1r1cal equat1oc: 

(l - ). )( ~) 
(1"or; 

• 
":>' 5) 5 

vhere T(x) is the mean temperwture on the axis at a distance x frau the 

engine exhaust nozzle, T0 1a the ambient temperature, and '1'
8 

is the 

engine exhaust temparature. The engine nozzle diameter ie De. For the 

drone, we have Te • 1200•r; thus for x" 57 tt, T
0 

• 8o•r, T(i) • 420•r. 

- 52 -

... lllllllill 

DECLASSIFIED IN PULL 
Authority: EO 13526 
Chief, Records & Decla~Cjv, WHS 
Date: JUL l 9 tuU 

-1 
I 
'I 
~ 
j 

I 



~ . . 
~ . r . 
! l 
t 

,_ 

l 

I J': 
c ,. 
H 

f 
tt! 
i 

I 
t, 

i' 

I ' ' 

t:: 
t 
"' ;: .,. 
f 
';:", 

f. . 
~ 
~' 
~·· 
,. f' 

~ 
.. 

i-
:;-

n 
t ' ' 

I 
I 
I 
I 
I 
I 
I 
t 

I 
I 
I 

••m :JIA¥111. 

Experimental inveatis-tiona ~1ted in Referan~e 6.3.1 have shown that 

the tempera'blre diatribution in the plUM 1a broader than the velocity 

di.atributioa. Thua, a 10 ~rcent temperature r:i.; .. occurs on a conical 

aurface of aem1-angle ~t • 4• wbil• the 50 percent rite oeeura at an 

angl6 of about 2 degrees. ~ia temperature diatrib\ltion 1e indicative 

ot the turbulent mixing proeees takina place 1n the plume1 Iince thermal 

energy ia tranaported largely by turbulent d.iftuaion. It follows that 

material entering the pll.lll1e Ifill be eubjec:t to mixing tbrougbout the 

plume and 1!187 th e.nsr".rn be exposed to the full range of temperature• 

extat1na within the plume. 

DECLASSIFIED IN FULL 
Authority: EO 13526 

_.,,c ~ 

- 53 - Chief. Records & Decla~v. WHS 

Date: JUL 1 9 LUiiJ 

••• :Ui44 I LAP 



f r ,, 
~. r.· ..... 
~ 
t. 
~ 
·~: ( ,_ 
.J_ 

i; 
t• 

I 
~-

-· "" ;: 
_ii_ 

"" :. 
'l'"-
~; 

.~ 
~· 

?. 
~ 

.r. 

-

I. 

i 
( 

I 
I 
I 
I 
I 

' I 
I 
I 

7 • RHEOLOGICAL BEHAVIOR OY SEEmATIA MARCESCBNB SLUIUWS 

The inveati;ation of the flow characteristics of slurries of 

Serratia marceaeena in a tluoroehemical liqui~ waa conclude~ ~ring 

the present report perto~. An extrusion rheometer waa uaed to study 

the :f'lov properties of slurries of hign solids concentration. 

7.1 Extrusion Rheometer 

'lbe capillary viscometer 7 •1 •1 and rotational viac0111etera pnvicuely 

employed in studying the rheological behavior of ~ 8lurries in the 

fluoroahemical liqui~ lC•75 were not capable of handling slurriea of 

greater solids concentration than 25 • 30 percent by weight. To extend 

the investigation to slurries ot higher aolidS concentration, a simple 

extrusion rheometer waa conatructed :for use with an Instron tenaUe 

teeter. 'lhe rheaaeter consisted of a 1.62; inch (4.14 em) diameter 

cylinder capped at one end and containing a small orifice in the cylin• 

d.er wall, and a cloae•fitting piaton. 'nle cylinder vas loaded with the 

slurry under examination, the piston vaa inaerted, and the device waa 

pleced in the compression test <:age of the Inatrotl. 'l'he force requ.1red 

to extrude the slurry through the orifice at a constant tlow rate waa 

recorded automatically aa a ::t'Unc'tion of the piaton travel. 

The orifice initially uoed vaa 0.078 inches (0.198 em) in diameter. 

BY varying the rate ot Jav travel of the Inatron, the volumetric flow 

rate through this orifice could be changed from 0.1 to 2.8 ~3/sec. 

r(. 1 .1 General Mills ~aport. No. 2216, Fourth Quarterly Progreea Report 
on Diee.,mill~ttion of Solid and Liquid IlW Agcnta (Uncagaifiod 
title) Auguat 10, 1961, p. 59-61 (C~lf1dent1al). 
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M.cl1t.iooal telta 'llere performed with an orifice 0.1 inches (0.25 em) 

in diameter. 

1.2 Jxperi:lllental Retul.tt 

:VOrce veraus tlov rate curves were obtained on alurl'ies of 33-1/3 and 

40 percent b)' weight Sm. An attempt was made to prepare slurr:f.ea of Sill - -
more higlll;y c:onaentratecl than 40 percent by veie;Jlt with no success. A~ 

higher concentratioll8 there is not sufficient liqu:!d present to suspend 

the dry uterial. 

'nle reav.J.ta obtained. with the rheometer showed that the force required. 

to extrude the alurries at e eonatant volumetric flow rate 1ncrea•e4 con-

tinuouely with the aiiiOWlt of material extruded. Figure 7 .2.l preeenta the 

reaulta or a typical e~riment with a 33•1/3 percent by weilr)lt ~ alurrr. 

The pressure required to initiate tlov through the ori:fice was about 10 

Pli (o.68 atlll). 'lbe pressure required to maintain flow rose continuoully 

to a value of 1000 psi {68 ata), the l1m1t of the load cell, after 23 cm3 

o:f' slurry had been extruded. Similar behavior waa observed at other flow 

rate• ani!. with the 40 percent by weight am BlU1'l"Y• At higher flaw rate• 

and aolida concen-tration, the rise 1n force occurred 110re r«p1dly. 

It vas thought that the phenanenon described above 111at1t be due t.o 

a preferential dieplacemeut of the f'luorocheical liquid which would de

plete the ~ slurry remaininl in the rhooaeter ot l1qui4 FC-75· Thia 

hypotheaia vee tested by taking samples or the extruded. !! alurry 1n 

weislling bottles periodicallY througbout one ot the runa. 'llle slurry 

tested vas initially 33-1/3 percent by weight ~· 1'be aamples which were 

- 55 -

Page determined to be Unclassified 
Reviewed Chief, ROD, WHS 
lAW EO 13526, Section 3.5 
!Jate: 

JUL 19 2013 



24 

22 

,::;'20 
9 
:;; 1a 
.:J 
i! 16 

B il4 
~ 

~12 
IH 
0 10 

j 
8 0 

> 
Cj;::U\:J 

rl 

~~~~ ' 6 
·· ma;·m ~ 
o~n 

Ql (1) 4 
c:.- _... Q. -

c:: ~()~ r- ~ 2: -· . ~ iil 2 

-ff::u~ 
c.on.oo 

g·_!:lg 0 

mw~C .. J: ::l 
01w!2 

Ill 
1/1 
1/1 
Ei 
(1) 
n 

0 100 

'-"'-o -~·1 'n ~. l 
,: ~ t;ll ·• .. ~~. 'j:/t·rr:~:lf"•·f"f'r~"'~""f ..... lo··:- ··"?-- ... ,::~~··~~ ... ··y:-··~ .. - ..... ~ 

- - -

200 300 1&00 500 600 
.A,pplied P.reasure (PSI ) 

.... - - - ..... 

lila.r.E: Vol'IIIMtt.ric Floll Rete ... 
1.13 CJA3/aec 

100 8oO 900 1000 

l''IGURE 7.2 .1. Pressure Iequix'ed to Extrude 33-l/3 Percent 'by 
WeisJ:Lt !:!!!! Slurry 

~ -·~, 

i 

J 



f 
~ 
i 
~ 

:) 
:>~ ., 
i,; 
~> 
-,.-o 

~ 
')<'· 
1"'' 

to-

~ 
{<. 
,i . .. 
fi 

o1! ,_. 
,, 

,, 
--. 

•,, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
t 

I 
I 
I 

-- ---------------

analyzed were riclle:r in :rc .. 75 ihan the original mixture. 'lbe aempla tekan 

trcm the 1'1rtt ~~~atarial extruded waa ODly 29.2 percent by veigbt !!· 'lhe 

§! content increased gradually aa more alurr, wee extruded reaoh1nl 1 

value of 32·3 percent at the 1000 paig limit of the !natroc. At this 

point c:onaid.era'ble unextrudect slurry rema1Qact in the cylinder which had. 

an ~ content in exaeaa of 33·1/3 percent by wetsot. 

Extrusico teatt mad.t with the 0.1 inch (0.25 Clll) dia1110te:r or11'1ce 

yielded 1:lmUar resulta to those described above. 

7.3 Conelua1ona 

'nleae rather dmple teet1 described above were made to determine the 

!eaa1bility of feeding h1£nly concentrated ~ slurries througn restrictions 

auch aa an orifice. From the 1ni'ormat1on obtained it 11 concluded that it 

voul4 not be teaaibla to ~nd.le slurries more h1shly concentrated than 

25 - 30 percent b:r weisht of !!!.• At higher concentration• extremely large 

pre~eurea would be required to move the slurry through an ori:tice, and the 

extruded slurr;r vould vary 1Q ~ concentration throughout the extl'l18ion 

proceas. Finally, a slurry ot higher ~ content than 40 ;percent by veisht 

cannot ce prepared because there is not sufficient liquid pr•••nt to auapend 

the material. 

In view of thele ~1ndinga, it appears that the maxtmwa concentration 

o£ ~ which can be conveyed and metered by the slurry teehn1que liea in 

the range ot 25-30 percent by vei@llt. A slurry containing 25 percent by 
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slurry 1a !!' it tolloVI that there vould be o.4o p of !!!! per om ... 

However, the a.enaity of ~ 1n ita d.ry, uncompacted f'om 1a 0.33 EP/=3• 7• 3·2 

Therefore, uae ot §!! in slurry f"oxm to deliver a given :a:a .. of the aim• 

ulant Would require eareying about i'our t1mea the total weight of material 

tllan would be required in u•1ni dry, uncompacted material. 

7·3·1 General MUla Report No. 221.6, P'ourth ~uarterly Prosresa Report 
on Diaaeminlltiou ot Solid and Liquid lil Asents (Unclaaa1tied 
title) August 10, 1961, p. 61 (Contidential). 

7.3.2 Ibid, P• 73• 
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8. PROGBESS 01 THI LIQ.UID DIS8li1tll1Nr:ING 84l'OfUI 

8.1 Intro4Uct1oa 

Ill our :rcurtll. Quarterly Progre11 Report it vaa pointed out that the 

disseminating ,..._ore to be fabricated on this program wOUld 'be one d.e• 

si.gued for 1488 on manned aircraft, rather tban for the USD-5 Drone. The 

general cgnfigw'ation of thi.l external atore was shovn in a drawing, 

included as part of Appendix B of that repo:rt8 ·1 ·l. 

l:he exterual shape of the atore which was selecte4 1a known aa the 

Douala• (DAC) shape. ibis design has a subsonic drag coefficient which 

ia comparable to other good shapes and. a very low superaonic draa co

efficient, as cliacusle4 in Section 5 of thi.l report.. 'l11• generalized 

coordinate• of thie store shape are also given 1n Section 5· 

The disaeminator will have a length of 227 inches and. a maximum 

diameter of 26. 5 inches. ~e liquid aa-nt will. be contained in an 

inner tank. (filament wound glaee t'ib er conat.ruction) ~ich will have a 

capacity of 180 gallODs of l1quic1 agent. 'l'ha space 'between the inner 

tank and the akin will 'oe filled with a low-denait.y, fQIIllltld•in•plaCGt 

insulation. A ram air turbine-generator, mounted in the nose ot the 

store will prov1da 4oO cycle, 3-phue power for the otbl!lr electrica~ 

component8 in the s•ore. The liquid agent will be discharged at a flow 

rate of l8 gpm througb slit-type nozzJ.ea located in two boaD8 which 

extend 'below the store during operation and A'J!'e :ret.raetable into the 

store. A :notor driven pump will deliver the agent to the b001118 durlng 

G.l.l Gen~tral M1lla 1 Inc., Report No. 22161 Fourth ~rterly Progresa 

Report, Dissemination of Solid and Liquid BW Asenta (UDclaaaif1ed 
t1 tle ), A14gua t 10, 1961 (Confidential} p. 28 of Appendix B. 
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diasaination and will also provide a reeireulat1011 feature during fligbt 

before d1aaemination1 to mift!Jilize settling of tha solids in the agent. 

The boou and the pl1.1111biag compartment vill be electriealli( heated to 

prevent freezing. 

8.2 :oeai§n mroaeh 

It hilS baea decided that the detailed design and fabricatioa o'! this 

disseminating store will be performed as an in-house e:t:t'ort at aeneral 

Mills, Inc. The overall d.esigD. configuration has been establiahed and 

layout and. detailing ia proceeding in all areas of the deaign. Several 

of the components wUl be purchased from other orsanizations. Orders 

have been placed for major pureha1ed parta, including the outer tank 

assembly~ the inner glass fiber tank and the ram air turbine-sene~tor. 

The apeci:f'icationa for these purchased iteiiUI are included aa Appendices 

A, B and C to this report. The quoted delivery datft! on all o:t these 

items are compatible with the overall project schedule. 

The disseminator wUl be separable into three sections t (l) the 

noao section, (2) the center section, and (3).tha tail aeotioa. The 

nose and tail sectione will be bolted to the center section at section 

Joint riap. The outer aluminum shell and associated atructural members 

for all three section• will be fabricated and assembled by Fletcher 

Aviation Corporation. Fletcher will suo install the inner tank and 1"1ll 

the space between inner tank and outer shell with roam type insulation. 

8.2.1 !lose Section 

The nose seetioo consists o-r the ram air turMne generator and the 

fol:Yard compartment. The Allison Diviaion of General Motors will supply 
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the turbine generator Which will have a 4. 5 JYA capacit~· 'lbe i'ot'W1lrd 

compartment will house electrical conneationl to the generator, circuit 

breakers, and the generator voltap regulator. A door in the fol"'ard. 

coua.rr~u.•tweat will provide accesa to the electrical compou-aots mounted in 

the compartment and to the bolts attaching the nose section to the center 

section. 

8.2.2 Canter Section 

~e center section of the liquid agent dilseminator extendl i'rom 

station 23 to station l7l. 5 and 1nc:l.ud.es the inner tank, the lug attach• 

ment and "strong back" structure, and the aft compartment housing the 

plumbing and t'luid handling system. 

The filament-wound fiberglass inner tank w1ll be supplied by Lamtox 

Industries, Inc. The space between the inner tank and the outer shell 

will be filled. with :f'oam inaulat1on. Thia inaulation will perform three 

main :f'unctioas (l) provide structUl'Bl support to the outer shell, (2) 

provide support :f'or the inner tank, nnd (3) prevent heat· loss i'rom the 

inner tank.. The m1l1ta:ey apecif1ca1#1ona for aircraft wire and inatallat1on 

have been reviewed, and wire and conduit sizes have been determined fer the 

part of the system which passes through the in.suleted section of t.he store. 

considerable engineering effort naa been devoted to de518D of the fluid 

handling system, located in the aft compartment of the center section. 

Space 1s l1lll1ted 1n tllla area 1 requiring careful attention to selection 

and placement of components. 
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The severe leu-tigbtnaas requiremant, aa W.terminecl by the 

General .llactric H•l halogen detector hat beec the most important 

coc.dderation 1n selection ot campoaente for the fluid handlinS eyateta. 

It haa been a.termined that the PUD\P unit which :1B most suitable 

for this application is a rotary vane-type pump manufactured. by Laar

Rollec. With respect to leak•tightness, the manufacturer has a~aured 

conformance to a leakage teat using aoap solution and air at 20 peig 

air preasure1 but hea not performed the halogen teat. We have elected 

to purchase this PWIIP because we believe it to be the beat available 

and subject it to the hologen leakage te1t in our laboratories. AJ a 

baok-up measure, we have contidered enclosing the entire pump and motor 

in a sealed casing, rhia will be done 011ly it tests prove the necessity, 

since it makes the space problema more critical. 

The 28 volt r:c solenoid valvea will be supplied by the Marotta 

Valve eo. This manufacturer is confident that these valves will meet 

the severe leakage teats. However the tests vill have to be performed 

by General Mills, Inc. If these valves dO not pass the leakage teet, 

modifications to improve them will be investigated. 

Hydropoise, Incorporated will supply the flow indicator. Ths pri• 

mary factors considered in selection of the flow indicator were ~resaure 

drop across the instrument, size end weight. 1he meter selected 1a or 

the turbine fi011 transducer type. It will provide the tlow/no-flow 

indicat.ton require<\ and will also pemit i~trumentation to be attached 

durins ground test, which will permit metering of the fluid flow. 
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The manual valves will be of the packleas diaphratJD type supplleci 

l.y Hills•McCanna Company. This type valve 1a widely uaed in t-he chemi· 

eal prccesa incluatry. 

'nle 9lumbing :f'i ttings have not as yet been ordered and wilt not 

~til the more detailed la1()uta have been COiliPleted. BasicallyJ 

they will be 37• :f'lere and welded or silver soldered fittings with 

some straight threaded "o'• ring :f'itt.ings to mate the pwnp and other 

established bossee. 

Aa an aid to establishing the configuration or the plumbing aad 

fluid handling system a :run scale wooden mockup of the a:rt compartment 

ves made. At. the present time detailed drawings are being made to 

finalize the fitting requirements and to establish the structural sup-

port for the plumbing system. 

Heating or the plumbing system will be accomplished by heating the 

aft compartment. 'lhe compartment will be ineulated with a o. 5 inch 

thick layer of foam 1nsul.at1on. An inner aluminum shell will serve as 

a protective ~overing for the insulation. 

Heating requ1retnent.a for the aft. compartment are based on a con• 

figuration 22 inches in diameter and. l5 inchCJa long. The compartment 

w•ll cross section and temperature gradient vas assumed to be as shown 

below. To be on the conservative siclc it was assumed that the ioaide 

snd outside surface temperatures were equal to the ambient air temper-

ature in each case. It vas further assumed that there is no .. heat ~low 

to the forward area, i.e., the fluid store area. 
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Al\lllinum 

Stai"oam Iuaulatiou 

Aluminum 

Preliminary calculations based on these assumptions indicate tha~ a 

heat requiremen~ of 60 to 65 watts '1111 be necessary to uintain temper .. 

ature levela in the pump and .Plumbing compartments. 

The aft compartment will have two doora, one to permit extension o-r 

the filling hoses and the other to provide access to the manual valv~e. 

u.2.3 Tall Section 

'!he tail section houses the actuator system. The actuator system 

consiata of the following major components: (1) actuator, (2) two booms 

and lever arm attached to a torque tube, (3) support structure :for mount

ing the actuator and booms inside the tank. 

The design has progressed to a point where a layout of a workable 

system 11 completed.. Individual components may have to be changed but 

the baeic geometry of the s:;IJtem has 'been decided. upon. 

The actuator will be s modification or o~e that ia presently in pro• 

d.uction by AiReseareh ManU:f'act~.~ring Compan;y of Los Angeles, Calii"ornia. 

This actuator vas chosen because it fits vell into the desisn and the 

quoted price and delivery time was favorable. 
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The support structure was designed with the idea o~ combining the 

actuator and booms in o structure that can be installed and removed from 

the tank aa a unit. It ia believed that this viU simplify asseably 

and servicing. 

A wooden mockup o~ the actuator &)'!~ is 'being made and will be 

installed in a ll!Ockup of the tail section. 'Ihe tail section mockup 

includes the section between sta. 171.5 to sta. 220. The mockup will 

closely resemble the actual system as to size and shape so that any 

clearance and structure problema will 'bec0111e evident. Also the mockup 

will aid in the final dtlaign o:f the coan well structure. 

The booms and lever arm will be welded to the torque tube and pivot 

as a .unit about two bearings mounted in the support frame. The lever a:m 

will be located mid.vay between the bearings. A stress analysia iudicated. 

that the bending stress with an ll•inch torque tube span between bearings 

would be 31,000 psi. It was desired to reduce the stress to approximately 

1'),000 psi. Therefore, the tube span 'between 'bearings wa• redUced from 

ll inches to 6-l/2 inches. In order to do thiS the boOma had to be moved 

in so that th~y will be parallel and ~ 1nchea apart. Prnvioualy, they 

were 6-1/2 inches apart at the torque ~ube and tapered to 4 1nchea apart 

at their end.s. 

A number of problema have been conaldered in the design and fabri

cation of the bOom. The main problema areaa are (l) obtaining suitable 

boom material, (2) machining of the nozzle slits, (3) boom heating and 

(4) boom covers. 

- 65 -

Wt'IIIIIMJ' I h 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & Declass Div, WHS 

Date: JUL 1 9 2013 

l 
I 



--- --------------------------------------------------

~ 

c . 

I ... 
~~ 
! 

~ 

I ' -.,, 

·'· I 

' J 

I 

------------------------

'"""'" ·g 9 7 

8.2.3.l Boom Material 

The stress levels in the boom d.ue to the aerc~emic loadins will 

be quite high. Conai:laration waa given to the d.esisn ot a boom which woul.d 

have low. enougn stress lev~ls to allow the use of )00 aeries of atainlesa 

steel tubi~g. Kowever, ;;ith a 300 aeries yield strength on the order of 

35,000 pa1, even. a boO!l ~ l~l/4 o.n. and 1/'+ inch wall would have ex· 

ceesively high stress levels, on the order of 51,000 psi. The contribut~ 

ins factors to thia high stress level are f1ret the boom length of 36 

inches which provides a substantial liiOIIIent arm. Fore and att stressen 

can be lowered by the addition of stiffener plates. Ill addition, the 

lateral forces caused by the von Karman effect and the general air curbu-

lence are an unkncwn q\B~ty; since the von Karman forces may equal Uti! 

aerodyanmic drag forces 1n their worst condition, a conservative approach 

has been taken in roquiring the boom to withstand full drag force in the 

lateral 1irection as well. 

•ro sustain tho hish stress levels, a h113h str~ngth stainleae steel 

t.ubing is nacess-try. A check of tubing and steel manut'11ctnrers revealed 

that 'the size ranges of tubing ~quired were not available from stock. and 

the only way to obtain the material ia by a special mill run. The materials 

conaidered moat suitable? are eight l7~7PH or .AM350. A mill which will f\1rn1sh 

tne tubing in the desired quantities wan found with the help or the carpenter 

St~~l Company. From the available choices, a 1.000 inch dia. x 0.003 (wall) 

tuoing was selected. 
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8.2.3.2 Machinial ot Nozale Slits 

Several techniques have boon considered for machining the 0.005 

inch (width) nozzle al1ta 1D tAe boocrJ.I, Samples have "been made by spark 

eroaion machining and by chemical etching. A third sample will be made 

by ultrasonic grinding. These three samples will be evaluated 1:1 the 

near fUture by microscopic examinatiOn and by :flow usta to determine 

the best technique for this application. 

8.2.3.3 Boom Heating 
. 8.2.1 

It was pointed out io our Fourth Quarterly Progress Report 

that the booms should be heated with 8 watts per square inch to proteat. 

against freezing. In contacts with Electrofilm, Inc., (North HollyWood, 

California) it has been determined that it 1s i'easible to provide 

heating at this level with film type resistance heaters. 1he thickness 

o~ the total heater installation 1s expected to be 0.015 to 0.020 inches, 

which includes the heating film (of thickneaa 0.005 inches) and an inner 

and out.er coating. FUrther work is planned on the eY.act pattern of nppli-

cation of the heaters near the disseminating nozzles. 

8.2.3.4 Boom covers 

The problem of protecting the booms when in a retracted position, 

prior to the dissellination run, c~tnt~ra around providing aome type of 

cover over the storage wells. The desirab1li ty ot a protective covering 

is primarily based on preventing the boom dischar~ slits from becoming 

clogged ..,ith d.wlt, or o! .. :er foreign material, or iced ove:t- during t.he 

period pl'ior to t.he actual dissemination. 

J.2.l Gaooral Mills, Inc., Report No. 2216, Fourt..~ Q'.Jart.crl;r l:'rogress 
Report, Dissemination of Solid and liquid EW ~nta (Unclassified 
title) Auguat 10, 1961 (Confidential} p. 17 of Appendix B· 
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An examination ot several possible solutions to this problem, 

including retractable doors, expendable dQors, flexible d.oore and. film 

or fabric replaceable covers haa indicated that the film or 1'abric 

covers vould be the aimpleat and moat satisfactory :nethOd.. 

A mockup is 'being fabrica~d to inveetigat.e tbe :forces required 

to break various film and fabric covers. It is important that the torque 

required from the boom actuator for this purpose be well within the avail· 

able limit. 
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A mathematical mOd.el for an infective doae down v1nd of a release lille 

waa introd.l.lced in tmt laat quarterly progress report. BY meant of this model 

the probability ot critical infection of the population vaa determined as a 

function of down wind cloud travel for varioc~ parameters suCh as agent con-

centration to infective doae ratio, discllarge rate, w1nd speed, ate. In this 

1·eport enentially the S&lll8 model is used and for the aame purpose with addi-

t1onal factors, however, being taken into account. These tact ora are: 

(l) una efficiency of particle retention or a man, 

(2) the lensth of release, 

(3) the initial dawnvard cloud displacement. 

Pre~iously it was assumed that the efficiency of particle retention ia 100~7 

'..llo length of release is infinite, and the initial cloud displacement 18 zero. 

9.1 Model Development and Basic Asaumitiona 

The number of bacteria available tor a 11111n on ground level at a time t 

due to un instantaneous point source loeated et the point (o, 2, h) for total 

number of bacteria q l'elen:ted ot t : O, is ~overned by the equation 

exp. [ -kt - ({x-- ut)
2 

+ (y - .tr 
+ h2)/ oz2 (ut/x1)2/.3] 

where U1e nomenclature is defined in Tabla 9·1 and tne coordinate system 

is show ln Flgi.ll.'e 9.1.1. !f' it is aaoumcd that. the time taken by on air• 

craft ~Q lay out tho line source is ne~l1gible, the bacteria concentrution 
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Symbol 

b 

c 

d 

h 

lt 

L 

p 

r 

t 

u 

v 

:r 

CBDI''?'P 18 • 

l'ABU: 9·l 

Dd'inition 

Breathing rate of a man 

Aaent concentration 

Agent dosage per person 

Ground level dosage of the agent 

Dissemination etriciency 

Ef'1'1c1ency of retention ot particles with "aizeot r 

Mean efficiency of retention 
00 

Complementary enor function ~: [ ex.p ( - t 2 /~) d~ 
Dissemination now rate 

Height of an aircraft 

Adjusted heignt of release 

Number of organisu required to infect 50cf, of the people 

Agent decay 

Half of length of release line 

Distance along the aircraft path 

Probability of infection 

Source strength 

Particle "size" 

Time after release 

W1nd epeed 

Aircraft speed 

Weather parameter 

Waathcr parameter 

Hctigbt for 11hich rr nnd /.J ere detemined 
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at time t for the ass~ taatantaneous line source can be obtained from 

Equation 9.1 by integrating over J, i'roa - L to L, which becomes 

[ ... f2 l ~ L ] 
A erfc y.:; oz<ut/~ )~ 

where 

It 11 noted that q now 11 the line source strength expressed in units of 

number of bac.teria .Per un:Lt time. Additional assumptions on vhich the above 

equation depend& are that: 

(l) the wind apeed ts unidirect:Lor.al (positive x direction) and constant, 

(2) the terrain is SliiOOtb, a:~.d 

{ 3) the bacterial particles are small. enoush to exhibit a Brownian IUOtion. 

Of these items, (1) is the most serioua since in reality v:Lnd speed is not a 

constant but dependent on neight ao woll oo other parameters such as tilDe. 

~e total dosage per man u expnsaed ae 'o L"" ~ (x, y, t) dt. 'With 

the aSSW!Iption that the spread of the clolld is small compared with the cloud 

displacement, this expreasion becomes 
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wllere the liOUl'ce atrencth, q1 ia obtained. trr:a the equation 

fEC q.-
v 

Equation 9·3 redUces to 9.2 ot the previ~ quarterly report tor lr 

equal to unity and L equal to infinity. The probebilit,- ot infection 1a 

related to the lethal dosage b:r 

p • l • 2 • d/ID50 

9.2 The Efficienc;r ot Particle Retention o:t a Man 

For the previoua mathematical model 1 t waa asaumad that a man retailla 

all of the particles that are inhaled. Since only a i'raction of particles 

remain in the lungs 1 a better model is obtained if this :f'act is t.aken into 

account. This may be accomplished. b;r introducing a mean efficiency of 

Jj:art.icle retention which would. be a 1\mction of' particle size, r. It lilr(r) 

(9.4) 

(9.5) 

is particle retention etficienc:r for eiza r and N(r) 18 the size distribution, 

then the moan ettiaiency of all particles is def'ined aa 

~'r • J~r N d.r'/ J~ dr' (9.6) 

0 0 

For normalized N, ir • fo• Er N d.r'. As a numerical example, let ua aaei.I.ID8 

a nol'!IUll breathing rate and.P.rticlu on the order of l·5)Jo· In this caae9·2 ·l 

l -(r • 1. 5)2 
8 ill •pproxilllated byE • 0.154 r + 0.2. For N(r) • _ t:!. e the 
r r yn 

mean eff1eienc:r becomes 0.33, in which case the probability of infection ia 

diminished conaidarably aa compared to the ideal case o! l~ particle 

12 -3 3 
retention. For u • 5 mph, C/ID50 • 10 ft. , f • 5 ft. /min., h • 100 tt., 

9.2.1 Lucien l'lllntre'bande .• Studies of Aeroaola, AEC Research and Development 

Report, p • 33. 
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"weather condition" geod, and the "W.cay tac:tor•• 111 det11led ill the previoua 

report, the comparuon is shown graph1call;r in Figure 9.2.1. 

'lbe curve for the probabU1ty ~ infection1 as seen in J'tgure 9.2.1, 

hu the same :f'o:rm for partial retentioa ot particles as for the total n-

tention; hOllever, there is a coDSiderabl:y greater dec:reaaillg rate in the 

probability from the mextmum value in the former case. 

9·3 Th• Lensth of Release 

For most of the flight condi tiona the length of releese can be con

sidered as infinite eo that the i'actot-, ll erfc, in EQUation 9. 3 aee\llllel 

unity. In case of large O""z and /3, though, thia factor cannot be considered 

as unity. Near T.he source it ia near unity but for larger down wind cloud 

travel 1 t d.imiahes to zero with the rate depending on values o1' O"'z and ,..e'. 

For average and poor "weather conditione", as defined in Reference 9.3.1, 

this factor ia plotted as a fUnction of cloud travel 1n Ftsure ?·3·1 for 

a center line (y • 0). In case of good "weather" the length can be con~ 

sidered ea infinite. In general Aerfc ia greater than or equal to 0.999 

4 
at the center line when the inequality, '"'{2 L/ <1.z(X/x

1
) ~ 3 . .300, is 

satiaficd. 

9.4 ~itial Downward Cloud Diaplar.ement 

The cloud of particles upon release trom en aircraft accelerates down~ 

ward. The motion is due to lliaplaced air by an airci'Ilft• An estimate has 

9.3.1 North .American Aviation, Inc- 1 Report No. NA~5s·632, "Airborne 
D1ological Warfare at Low Altitudes;• Vol. ll, 16 J\ma 1959, 
pp. 165-6 (Secret), 
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been obtained by other workera9·~· 1 of the dOVnW&rd velocity ot tbe cloud 

aa a tuncticn of time. InitiallY it 11 approximately 7 ft/sea but then 

diminishel exponentially with time to about l tt/••e 1n 20 seconds. Thu 

study 1n41catea that the initial diaplac:ement or the cl0\14 1a about 55 rt, 

so that the height of an aircraft, h, in our model must be d.iminiahed by 

that amount. 

~o determine the probability or infection as a tunction ot dcvn ~ind 

cloud travel, the same valuea are "~"d for the parameters sa in the FoUrth 

QUarterly Report except for particle retention etticienq and the aircraft 

height, Which are taken to be 0.33 and 55 i't, respectively. Equations 9·3 

and 9·5 were programmed on a BendiX G-15 digital computer and the results 

plotted by PA·3 plotter during program execution. These grepha were re· 

drawn and are presented in Figures 9.5.1 and 9.5.2. 

9.6 CompariSon ot EXperimental and Theoretical Results 

It is of greatest intere1t to compare the experimental results for 

bacteria intake per lllan with 'the theoretical reeulta. ~e values for the 

parameters are taken for trial A-4 con~uoted by North American Aviatiob, 

Inc.9· 4·l These values are: 

Length ot relea~~ 

Heisllt ot an aircraft 

Wind apeed 

Bacteria concentration 

?lov rate 

9.4.1 See Reference 9.3.1, pp. 165-6. 

- TI • 

G•I'IIIINII I L 

15 mi. 

llO tt. 

:i.5 mi./hr. 

6 10 1. x 10 org./ml. 

17.25 gal./min. 
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A mild tempera·ture inversion was presen't in an open tel'ft.in 

80 that oa :s 3.8 m. 8Jld .4- .66. 

Bacteria decay constant 1~ per min. 

The comparison of the experimental and theoretical result& is shown in 

Fig. 9.6.1. Aa would be a~pected no ~orrelation exists between the theory 

and the experiments. As pointed out 1n the last quarterly report and a 

9.6.1 ha i ct 
report on agent. chal'8cteriatic:a, It 1a not a constant so t t th s fa 

in itaelt would lead to a discrepancy. Also the co.r.•relat1ona between the 

temperature and wind speed profiles with parameters az J /.3, and ,_ are eoor. 

It is likewise not known how much bacteria is lost due to exposure to the 

Jet of an aircraft. 'l'he decay cOJatant, k, which enables a least square 

:f'it by Equation 9.3 to the data for log d/2 vs. log
10 

x in this particular 

trial 1a 

k(t) • (4.83 - .411 log 1~.8 t)/t 
10 

That is, if the decay constant is taken to be of the above !om rather 

than 1~ per min, then the theoretical result agrees with the experimental 

in the least square senoe. From this result it appears that the decay rate 

varies even more rapidly than what was originally suapected. More laboratory 

9.6.1 Fort Detrick Report April 1, 1961, Biological Warfare Asenta I!. 
Agent Chars cter:la tics, No. 6l··FIS- 392. 

• 80 - DECLASSIFIED IN FULL 
Authority: EO 13526 . HS 
Chief. Records & Oeclass ow. W 

O&te: JUL 1 9 2013 



~~;.~:--

CJ ..... 

Cj>::O""O 
Ill <: (1) til 
;;.::<10 
-· mii>. <D 

o~tt 
e-WCl.m 
c:O> () 3 
r-~:!: :r 

-

~ ~ m 
-fe:n~ 
c,gs;lOO 

cr!='g 

~
:3 ~ 

:X:~ 
(1)!2. 

Ill 

Ia. 
::!1 

8. 

..... 
or/j•{ ': ·t:l·l"! ·~·1· .,~ ·'..llf::;:- i ~· r~ · .. t·~~~. : t: 

- - - - - - -

'd 

~ 
0 4.0 

f 

The 

0 Xi Least-square-Fit - _ @___ 0 B g 0 to Bx,perimental J)jta 

-o ___ 0 0 J3 s 
0 ~ 0 

B o g8 

0 

3-0~--------------L-----o-------~~~------------J 
0 0-5 LO ~-5 

1D~0 e>t DowllWl.Dd Diatance 

FIGURE 9.6.1 caopariaon o:f lk>&age Betveea 'lbeo:retical 
and Ex,per:lmental Resu1t& 

- - - - l 
i 
l 

3
1· . . 

:·;:.:.-.t.:..-.' 



:...: 

. ,.· 

~' ' 

I 
I 
I 

I 

I 
I 
I 

1111FIIIIII'Q .. 

and f'ielli experilllltnta an needed in tbia ana so that more preciee 

coneluaiona Mn be made. 
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10. S\JMMABY Alm CONCUJBICDS 

During this reporting period, Phase II work wu continued, inalud.ing 

research in several areas associated '111 tb d18sem1nat.1on ot solid l3W agenu 

and also th• initial work on the detailed design and fttbr1cat1on of a liquid 

agent d1sseminot1Da store. 

The theoretical atuciiea of t;he mechanics ot pert1 culcst~: cateriala were 

\.-untinue..t. Two speci:f'ie problema were examined: (l) debtmination of the 

force required to displace a plug of powder contained in a cylindrical tube 

and (2) a preliminary stuey of the relationship bet'lleen the enerQY of com• 

paction and the bulk dens 1 ty of particulate material.B. As a reaul t of the 

first analysis, an equation for the foree required to tranelate a powder 

plug, wich is of the same form as earlier empirical equations, was derived 

theoretically. FUrthermore, lim1 tillg values of a resistance parameter, K, 

were theoretically derived and have been confirmed by expertm.ntt of limited 

scope. With resp.ect to the role of the energy of compaction, the theoretical 

analysis of J. s. Derr, Jr. wae compared. wii..h recent experimental data and 

eood agreement was found. (Section 2). 

Aa part of the experimental progrrun on the physical characteriatics of 

powders 1 extensive shear strength me .. urementa were made, which included 

investi;ation of the relationship of shear strength to compressive stress 

end the atmospheric: humidity in vbich the material is stored. It was found 

that the shear strength increases nearly l1nearl~ with compressive stress 

in the range investigated. Preliminary 1ndicat10tUI are that more rapid in-

creases in shear st,rengtll. Bl'C found at. h1.gher comprlltseive stnases. These 
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will be investigated in the near tut\ll-e. With reapect to humidity, it 

waa found. that ahear strength increases with increaaing humidity up to 

;o percent, bUt that it decreases again at ·*5 percent (Section 3}. 

The wind. tunnel atudiee of diaaemination and deagglomeration were 

continued, and included investigation ot particle aize distribution of 

aerosoa generat.td from loose and compacted ~ simulant, and also a atuc!y 

ot t..ie frequemcy of occurrence of agglomerates 1n the aerosol. 'Ihese 

studies were made by microscopic examination of particles collected on 

MUlipore f'1ltere in the ifsok:Lnetic sampling probe. It was round. that 

the particle size distribution ot the collected material asreed very closely 

with that o1' tne control sample fran the bulk material, indicating essen

tially complete deagglomeration for samples witb bulk density up to 0.5 ~jcm3. 

Studiee ot the frequency ot oecurrence of agglomerates, as a function ot the 

bulk density of the compacted~~ revealed the existence o~ a critical region 

at approximately 0.6 ~/c:m3' above which the number or asglomerates incl'e .. ea 

rapidly (Section 4). 

During thia raport1ng period a design concept for the first dry agent 

disseminating store waa developed. Thia aoncept ap,pean to meet the original 

objectivea of providing mex~ flexibility of application with respect to 

agent properties, carrier aircraft aapabilitiea and missions. '!his de•ign 

concept is based on the use ot compacted dry aeents and employs a dual-

piston feeding system with provisions for selection of 5 operating speeds. 

Tho payloacl ia cat1111ated to be >90 pounds of dry agent:. compacted to a bulk 

density of 0.55 ~/om3 (Section 5). 
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Studies of the Jet plUJII8 problem we:re continued with further experi

mental work on determination ot the losses of viability in an aerosol gen-

erated from a liquid suspension ot §!• It waa round that substantial lossea 

occurred !or e~oaure durations as low sa 0.6 second& at temperatures ot 

50·125•c. An analysis of the Jet-plume mixing problem indicates that, for 

cases where the aerosol is released close to the engine, it it reajocaole 

to expect mixins to expose the aerosol to temperatures which will cause loss 

ot viability (Section 6). 

'lhe investigation of the rheological behavior of ~ slurrieo, made with 

nuorocar'bon liquids, were COllpleted during thie .l.'eporting period. It was 

found that the maximum cvncentration a£ §!. in the liquid is 25-30 percent by 

veight. Above these concentrations, the pressures required to extrude the 

slurry through an orifice 1s very hign aud variable. It was concluded that 

the weie')lt penalty in a system of this type would be too high to permit 

ita use (Section 7). 

considerable ,progreu liaS ll18de durins this period on the design am 

fabrication ot the liquid dissemina~ing store, whiCh is part of the Phase II 

program. The general design features were established and the approach for 

fabrication was determined. T.he external shape of this otcr~ ia known aa 

the Douglas {DAC) store shepo and the principal dimension& are a length of 

227 inches and dl maximum diatnater of 26.5 inches. The liquid capa<:ity 18 

li.30 gallons and the fla~~ rate is 18 gallons per minute. The uin purchased 

compon~nta have been ordered and detailed work on many of the sub-assemblies 

has been initiated (Section d). 
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The aystema analysis, employing a variable-decay-rate mathematical mociel 

hae been continued.. Calculations have been made, c:cmparing the predictions 

of tllia mociel with available field data, It appears that "the variable-decay· 

rate approach offers some improvement in mathematical models for this can

plex probl~ (Section 9). 
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~OFV«>RK 

m'IRifAI. lUX)VABLB AIRCftAliT TANIC ASSD1BLX FOR G.IREIW. Mlt.LS Elml'RORICS aa:>UP 

l.O SCOPE 

'lb11 docuaent d .. cdbee tbe dea1p, pertOl'Ullce au4 delivery' require

llllnta tor t.be eDflinHl'iD& aud IIUIIlUt&ctUZ'~ ot u extel'll&l., re~~Dvabl• 

~ratt. tGZik asae!IDl:/ aDd. tbe acc~any1:1g rCICl'-'irelleota tor 4ocumentt.t.iolh 

2. 0 APPLICA:BLB IlOCUMJl!rliS 

2.1 Ccnf'erence at Fletcher Aviation corp. o.ttend.ed b)' J. Mc01ll1cudc17 

and H. BenJuin on Auaut 7th aDd. 8th, 1961. 

2.2 QU~>tation tl'Ora fle~her Aircraft ~at1on (T. Derlacater) to 

Genetsl M:1Ua datecl /.l,.lp8t 17~ 1961. 

2. 3 Spec1t1catione MIL--A..S59llJ1 MII.-'1'·7378A, HlL-T-J.a847A. 

2.~ Geaeroal K1lla1 In.c. d.rtlwin&a NO. ~l00-018 Mel 11(29100-026. 

3, 0 ~UIR.DIIIrl'S 

3.1 The contractor 11 to auppJ.¥ aaae.bl1ea c:ouiat11l& or the outer t.aDk 

or •bell, va.ri.Oua atruct.\U'&l eleunt.a, acceaa c1oor8, aP4 an inner t1la.ot. 

vouod. tank teamed in place; hereinafter theee ueaabl1ee v1ll 'be referred to 

Aillr!',Y' lUI tM!f &&A,..bltea, or t~ eu~sem.bl.y. ilacb tank u•eabl¥ vill ®ll• 

ain ot tllne aubUI-.bl1 .. deaiiPl&ted the no .. aeot.ion, the center aect.ion, 

a.u4 the tail aect.ion. (::0netnction aball be INCh u to aJ.low :repeated dia· 

u.-.b~ ot tbl Min ~ank UMIIblJ into the tm•• aub.a.aaembUea aocl reu..UlJ'. 

o .. ~ and conat.ruction 11 to be in accordance with tbe requirement. of tb1a 

work statement. includ.in& l"'!ferenced port1ona or the applicable clc~cta. 

3. 2 'l'b• Wonk .uaembl)< when ~ the lca4a cleai&D&to~ on Oeneral 

MUla, IDe. dnwina SI:29100...026 shall be s\litule tor tli&bt oa the P-100, 

F•l05, :a-66, A~D, and the A3J aircraft, incli.IIU.ag aaTWatecl lud1n& &!ld 

catapo.U~ tall.e oft c:on4itiona, IIZI4 at apeeda of up to 0.95 Ma.ch nuaber at aea 

level. Load tactora no leaa stringent tbac tboae ill MIL-A-859lB &Di ~-73781. 

ahlll.l be waed.. '1'he t&Dit. u•.Ol1ea sba.l.l aatiafactoril)< Yitbatad tACI f'\&ll 

rall8e of env1ro~atnta tlw above listed &ircratt auoe cleai&M4 to wlthetu.d. Tbct 

tAnk aaaellbl1 shall b4 suitable for 1natallat.1on a~ ViAS station lo6 on tba 

F-lOOD aircrart. 

--·.---------·---
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3·3 fte ni&Jita lAd. lOcattou ot ~ tor which swatizl8 pzoonaicu 
IIIWt be .a d vldcb the taU au.UlJ' -..t be nitable for carr,r1D& azoe 
•balm in Geaenl MUla 4raY1D& fiC29lOO-o26. 

3• 4 'llw inner tta.at wound taM 18 1iO be aupporte4 ill place and 
la.llal.atecl ~ tbt o\Lter skiD or abtll bF t.bl toaed·in·pl.ac• 1UuJ&t1ou 
Ulipte4 OD ClMI ~100..026 UD.lell tbf CODtJ'&ctOl" 1 I .ltl"'lGtUZ'IIJ. aaal1'1il 

reveala u illlldequaq ib tllta iuul&t1on. Xn 8\Ldl cu•1 tbl colltzaator 18 
to notU;y O.UZ"&l M1lla1 ]JI.e. 

3·5 '1'1» -x1•• ve.tpt ot tbe taU an4 uaemblT UlCl~ tl:le otater 
lk1D, &ll atnctunJ. e.l ... nu, ACceaa ®on, aQI1 aU put.a 4a101'1'be4 in 
~ph 4. 0 excl\ldiDS t.be ilmel' tu.nt. vOUD4 tult ~ball not ucee4 zr' 
poUDla. 

3• 6 1'be contractor aball povicle all •terialt exol\Lsiva of tbl ti~t 
vo\UI4 f.&Dk. (OICl 4zwiaa SI29100-0l8) electrical cOD4uit, &a4 tlt~zo1c&l c:on• 
necrton vh1ch v1U be auppl1e4 by aeneral MUla, Inc. 

J o7 ~ tank UleUl¥ llh&ll Met the req\lll'eMiltt or &11 &pplica\)le 
portiODII of MIL-'f-l.B847.l. b applicable portion• aft l.1111te4 onl)' to t~• 
"lluil'ellent.a tb&t mat it the llquicl c:an1e4 ia water i.ute&4 of tu.l u4 
with no req\\inaenta ade tozo banWaa the vater but on.l.T t~ 5t?riz:w it. 1D 
v&l')'il:ll quantitiea iD tbe innezo tank to be •-lied by Oeae:rsl M111111 Inc. 
'l'hia exclwilll ~1 requlrelaenta tba"t ni\Llt ~ tbe pecW.iv chuw.cter11t.1c• 
ot aviation fUel 1n contraat to the cbaraateriattc• of vat•r, tbat eriae 
fi'OII 41nc:t contact of a liqUid load witll &nl part or tbe uta and atl'\aetun 
and tb&t an•• ti'Qil tbe proviatoa. ua&t IIIWit. be IIS&de tor bancllina tuel. Ito 
con•1dfnt.1on need be si wn to tbe ttoeeaiq ehanctesoisUca ot t.be Uq\iWl 
load. 

J,8 'l'he tank uaeabl.1 1a to meet the requireiiiDt• of tbe tollowin& 
~pbt or KII.-'1'-7378.\. Wbitrever reteroenc. lu tl!Q .. ~~ 18 lllll1e 
to "tuel tank&" it ebal.l bet coaatrued to refqo to the tao& u..-,1¥ tb.U 1• 
t.lle au.'bject of t.Aia work stataent. Alao, tbe 1nterp.retat1on ot pansrapb 
3•'{ at th:f.e vork etatGent appl1e• to the applicable .PU'II&ftPU ot KIW-737&• 

3.3, 3·3-1, 3·3·2, 3·~· j.~.l, J.~.l.l 

3. 5 Dea1sn (~tied) • Tanke wltll aece .. doon 
attacbed aball be ao deaianecl &I to not adlalt water 
during 1'l1ght 1n rain &D4 11\IZ'inl wubina ~ bod~ 
v1tla vater. The t&llk a1NIIbl,y tndudinl tb.e ezterior 
akin, the .truc:tural elements, tbe r~-tn-place 
1ftlulation1 &nd the int•rio ... t.AI'\J& •Mll l!t"'lt,P!'iae the 
~""'&t'.Y at~ngth to provide adequatel,y for eaab1De4 
loacla aad. 1t:reaaea u outlirled. 1n Pan&r&P'b ), 5· 6. 
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3.5.2 We1.Pt (lbl1ne4) • .i!IQ!Iati~ •ball" :plaoe4 
on 4eal&D t.o ~:reate tlle li.lhtelt vel&bto taa tMt v1ll 
Met the requireMAtl of t)UI QeC1fieU10Do 

3·5·3· 3.5.3-1 

3.5.6 vttb 3·5·6.4 deleta4 

3.;.6.1, 3.;.6.2, 3·5·6.3, 3·5·6.~, 3·5·6·5 

3.,.6.6 with '"load." aubet1tute4 tor "tuel" 

J·5•7J 3.5.7.1 

3.;.7.2 Flutter (Mociit1e4) • TM tank ... .-1¥ ahal.l 
be deeiso.ed to llave aate flutter c!Jat'acteriatics 
thrc\.ICbOut tM l)lee4 ancl altitude taD&8 aa4 tor all 
att1t'14ee aa4 MMUver• vbicb the &U'ez&tt vill :pertom 
With tu tank iDatalled. l"ul.l aa4 CIIIPt1' 1lltern&J. tW 
'!Oadition. u vell u pa.rt,ialJ.T fUll, level tl1Pf; 
coQ41t1ona aball bt eoaaiderecl. In a44ition, tor parti&llJ 
f'Ul.l coz:a4.1t.1oAt1 tM t'Ol:'V&I"'l center of p&v1t.J' coa41tioD 
c&UM4 b7 all the la4 .ov1nc1 fol"V&I'4 u4 tM aft center 
ot sn•tt1 cau.ed bf &tt tbitt ot tu loe4, •ball be eon
si<lerecl. In tlle event t:b&t. tbe clqip appsan to uve 
low tatter ~eeda or .uqiul tlutter aatet.r 4~ to 
adverse t:requeocr .ratios, O.oenl Killa, Inc. aUll be 
intorMd ot tlUa before turtber VCI2"k 11 cUTiecl oa. 

3·5·7·3, 3·5·7·3-1, 3.6, 3.6.1, J.6.2, 3·1 

3.8, 3.8.1, J,S.l.l, 3.10, 3.10.1, 3.12 

4.l+.l Rxu1nat1oA ot Pro4uct (Modified.) - Blacb taaK 
usably •ball be e.xained to detCfi'IDiAe eonto:rance Vi tb 
all tbe ~ an4 llll0dit1cationa of pv~&npba of 
~-7378A bereiD l1ate4. 
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;.2 Cla11 2 TutU (Ho41t1e4) -All Cl&U 2 tulrl UZI.l••• ot.beZ'Vi• epecltied, ahall be pac:U4 1IL 
voodeft c:oate1 CO'At0nl1ne to Speclticat!GA MIL-C-9'1-37 
or equ1'"-lent 111 Ul11\ ~uu.t1t1e• ot l each. Colrtra17 
to tbo nq\W:'ementl ot Mll.-C•9437 DO aam:plea are 
~u1re4, n.o identification mazokiqa and no tell'ta 
..,.. nqu1nd. 

;.2.2, ,., 

3·9 '.l'he lua •.P•dna on thl b.aDpl" titUns• ~ball be 30 inchel 1A 
atcOl"daalce vitb MIL-A-859lL 

3.10 ArJ:/ llolea 111141 aD4 Uled tor tM p\I"PQie of ioat&lllDa tM to-..1-
in-place iuulation a:re to be neat~ w eaooth17 eov&re4 vttb a durable 
•t81'1&1. 

~.0 DISCRIPTIOI 

'!be tank a .. ubly vill conaiat ot the tcllJ::Ivias aDd. Y1ll incorpo:rat. 
etruct.un.l proviaiona tor equ1p!lent to be 110~ed: 

4.1 Ho .. Section 

4.1.1 'l"urbine Oenentor SUpport RiD& st.ation 15.5 

4.1.2 Access Dool' and PniM 

,,l. 3 Section Joint Mna Station 23. 5 

4.1.4 OUter Sbtll Ae..ablf station 15.5 to station 23.5 

4. 2 Ce11ter Section 

4.2.1 S.a~ion Joint R1na Station 23.5 

4.2.2 Pbrvard Bulkhee4 Stat1o11 23.5 

4.2 • .3 Main 8uppon structure Includins Lu& Att.aclaMnta, Stl&¥ 
:Brace IUI4 .!Jactiaft Anae, and Inner Taak SUpport RlDC•• 

lt.2.:. Cn4lins ANa &.1ntoi'0811ent. 

4.2.5 Inner Tank Attachment HiQg station l56.5 
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~.2.6 An ~a4 u4 ~14 Attacllleat. R1nl 8t&t10D 159 

t..2.7 '1'lfo Acceae Dao.re aD4 J'reua 

4.~.a Aft c~t Inus' 'Bbell statioa l59 to atattoa 171.5 

4.2.9 Seotioa Joint U4 .BuJ,.kMacl Atta~nt R1UI statioa 171., 

4.2.10 Jllo&QU'h ill Att CODp.l"tMnt to aupport PUIIIP• valve•, 
tub1t2C1 etc. 

4.2.11 l'Vo J/4 • m.s.teJt ConclUita • One t:raa statioll 23·~ to 
Station 1'9 U4 a eec:oa4 ll'CIIl station 159 ta a St&UOD at.Utal>llt ~oz> ~1l1c&l 
connection proviaioM. 

4.2.12 Inatal.l.atioa. ot I~ Tllllk 

4. 2.lJ Inlul&tiOD,iD Spaee Between .Inner 'l.'l.tllc ucL OUter Sbell 
Station 23. 5 to Station 159. 

4. 2,14 wul&tiOD in Space .Between lruutl' aD4 OUter Sbella 0~ Aft 
Calpartae~ station 1'9 to statioa. 171.;. 

4. 2 • 15 OU.ter Shell Aeaelllbl,y Station 23. 5 to station 171. S. 
I;. 3 n.il 8eet1on 

4.J.l Section Joiqt R1n; Station 171.5 

4.3.2 Aeoeta Doo~ and rra.e 

4,3.3 'I'Iro JJoca stnlcta:re 812pport Riqa • one &t at&tiOA 178.5 
aDil the eeco&Ul at Stat.1oc 204.25. 

4.3.4 Boaa Aperture Cover• 

4,J.S Boaa Acceaa Door &Q4 Jrame 

4.,3.6 OUter Sbell ;\a~l1 station 171·5 to Station 227 

4.4 M41Uou.J. StJ'\lctl.U'&l MI!Uers 

4. 4.1 Azq atJ'\lCtural .re1nt'o~t llllllllben 1D ad41t1oA to thoN 
lifted. iJI 4.1, 4.2 aa4 4,3 vbicb mq be reqUincl 111 order tor tiM t.uJ& 
&Jilabl.Y to •et t.be epecitied. loa41n& aa4 tlicbt coD4it1one. 

Page determined to be Unclassified 
Reviewed Chief, RDD. WHS 
lAW EO 13526. Section 3.5 

Uate: JUL 1 9 2013 



\. 

SHEET- _q_ __ CF-..lCQ __ _ 
ELECTRONIC DIVISION IQ*'_..f' 

~c- ... __ , I MIJJs I 
Ita• ccWf"AL AYUIUC, MIN.........OU. It, NINI-TA \: :J REL.t:ASE DATL_ ~· _; __ ~-

ENGIHE!RIHG DEPARTMENT SPECIFlCATION __ ---~~~~-- -· ------1 ...... 
I 

.... wa 

5. 0 arRUal'URAL AIAUS%8 

1"h1'te copiet of tlae &IUIJ3Iit ot iJtl'\Wtural clsaJ'aetel'~at1ca or tbla taak 
uleP~ allall be auppUed Oener&l Mille, Inc:. at lA&It. taQ 4N'I p&"1or to 
the rwmias ot aDJ nnctu.r&l teat•, or •' laeat 10 dqe befosoe a~ot ot 
t.he tint its to General Hilla, II1c./ Tile ~ lball 1Jiclwle: 

~hicbeves- ta eA~"lier. 
al A liat of lo&41q cODditiCJnl cOna14dnd 
b A liet. ot G¥ ualJII)t.iona u4e 
c iol'Bll&e a%14 equattona used with souree retenncea 
d. ~ual. calculation.a 
e ~u.lat.ion ot :rea\llta 

6. 0 1'BSl'IIG 

Be~• tor te.-t.1na v111 be tUde tu aubJeet ot a aepuoata voi'JE 
•tat-Qt. 

r.o IIWmils 

' A reproducible Ud tvo printa ot eacb at~J.y aDd de~l put. draviac 
fer 't.hll tamk aaaabl,y an4 ita conatituent uaembliea and. parts ab&ll be 
aubait.Wd to OeDeral M1U. t1tt.een d.&ye attar del1veJ7 ot the lazoclvue. 
The clravinp shall depict the tin&l. dea1a;n eoad1t1on ot tb« barclwaze auppl1e4. 

'1"'-4 top :~.Sec))lJ uav1ns sbal.J. be approved by Oeural Milb, lno. 

8.0 l1fSPECl'ION 

General Mills, Inc. shall have tlw right to 1110n.itor at an¥ tiM bet.veeo. 
lotting ot the cont..rac:t an4 tbe deliveey ot the hardware, the ta!lr1cat1on 
ot pa:ts, procetae~, ••••D.ly work, and an)' teetins Nql.\i.red. to be done, 
t.bU ~K~n.U.oM.~ to l)e done tbro\18b a representative deetpat.ed by General 
M1ll1, Inc. 

9· 0 DKI..IV'ERY 

Tank aase!lbli~s orclere<l 1ha.U oe ahipped to General Mills, Inc. w1tb1n 
90 days ot receipt of order. 
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1 ,.,.. 1.31 Dtaw XIL-f·l~'TA 

t ..... 3.6. llba1l .--4: "!be C«iti'Ariw iJhall pi'Orl4a all ater1&la aalwJiw 

Oil* f"SJ• • -..a! taU, Cl ... x. ll'avtJI6 3129100...01.8, 'ri:l'e, aM the eWcal 

~ h1r ~ 1ct1w oaa'uit ldl1Gh vUl be supplle4 by GeMnl MUll :r.. • 

3 ...... 3·7 l!aU realt ~at ret'ermced partioDa ot a.:pp.Uctable 

.,..uos..u .. ..,.. lJJI1W4 CXll¥ to thoee that exUt 11' 1t,be l1qu14 CUTW 1:1 

a"MW mn.4 til tuel 8D4 vith .DO requ.i.rements llll!l.de f~ besx1Ung the va\01" 

but ~ fW nar:tJic 1t 1D w.ry1ng quantities in tbe 1ImCI' tell to be supplied 

'bJ l•••nl *l.la1 lDct. !hia ucl.udes ill requiremenu that result h'om the 

pMal..1ar ~.tc:s at sYiat1cm ru.cl in contnst to the chan.cteri.ata 

fll ••~ t!at U'18e from direct caz+..s..ct or o. liquid load with e.ny part ot 

tt. ak1a aa4 ~ aDd that tU"llie f'?Om pnwi.dCClS that !WSt be .a tt:# 

l'aadU'ftC fuel. at OCDI1derat1Cift need M given to the f"!'eedng cbarn.CteriatiClS 

at u.. Uq,u14 l.a.4." 

~ lva. 3·'·1·2 (JioditUd), MIL-'r-737&, sh:JJ.l. c~ the 1'o~ exeliisiau 

.,. c~ abal1 DOt be reaponsiblc tr:rr fl.lltt-r. probleM e.riai.D8 floaiii 

Wl.ca or W"'l"Sft eb!t.ncteristica." 

5 Jaelne JVa, 3·5·1·3.1, KIL-'r·7378A 

6 ru.. 3.6.1, ~-1318A, delete "rl-retiog tb.raugb. the te.:o.k w..U shall zu:rt 

be pel'llitte4 ... 

T Pu'a· 3.6.2, JIIL-f·7378A, d.e.l.Arte aeecr.d ccn-teru:c • 

8 Pan. 3•1• 1 MIL-'.r•T378A1 Pftl'f~e (:¥,gdj,f1ed.) • The tanlt: MS~}¥ IJbaU 

a&l.i.I1Y tbe parfoma.oce l"eqU~lits o! p._n, 3•7•3 (~ed), 3•7•7, !M• 

3.7.8 'Wt te.ting to tbea.e requ.i.rc:::3euts is not rcQ.Uired by th1.a work ~~. 

l.J. 
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Jlua. lf.J..l • fta'bia 1.3·0 illatMA , ••*· u.,. 
Pus. - .. 1.t. • Matl•lJ•O iuMa4 crt,_,. 1'•'• 

MA -'+.1., ...... ._ iD tGIWI'Il o~. 

JVa. 4.a.u, .... lllbSlSo&l a~ • ......,.~ .a 'be~ 
oCII,pl.t1!e ntJa V1z1.Dc mA ~ liM.-ft o.....,...for.o oii!DIO\S.. w \bl 

wJAa. t.Ll. wU1 ~ wu. tao tllrl meU1oal otDAuit. 

AM Jlaft. 4.6 Aoce .. doara 1ft to. be ....- vtt!l ~k Ueor•u\ ,........ 

1:14 ... ,. lMt crJaU ~ to • tau ..... J¥. 

Ad4 ,_.... lOaO ltpUe ftz'UI OM (1) ..,.... M el II•Bc a-.t u M M 

J!Nri,W. 

M4 Jln IJ. T lra1D ft"'S. lbaU be Jll'fA'lW sa oa1W cu\ •• ....... if1QO.CIII5. 
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APPENDIX B 

Specification for 
Filament Wound Fiberglass Tank 
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lilt CllHT!tA&. AVINU., MIHI\ISAPOUS II. MIHHII:IIOTA 

DEPARTMF.NT 

!lultex IDilWit.:riea, Inc., vill deaip, fabricate aDd deliver to CJeanl. 
MUla two tilaant. vound !'1o.rglaae tazska cODtoJ'IIIiEJ& to the tollovina 
nquu._n,e; 

1. Tazlk 4.tlaena1ona and aontiprat1oa vUl be in accordance vith 
Geural MUla dzat.tins Ko. SC:!?lOO..Ol.6. Tlmk dimeneiona not apecitied on 
dravf.nc Ko. f£29100..018, such u wall thickneaset, are to be 4etem11:1ed bJ 
l..amt~" ao u to be c~t.1ble v1t.h tank deatcn an4 perforunce :requirementa. 

2. The "'Olume ot the tank aball be the ma.xs..a voltWJ ecapa~1ble v1tb 
the space eave-lope aboVQ oa dr&win& No. SK29100..018 and atrenath requtre.nta, 
bvt eboulci not be le .. than l85 &allons. The reaid.ual liquid should not 
exceed 7 gcllonc vhcn the aircraft ia in level tlish~ at the end ot a 418• 
se!llination run. 

ol8. 

4. A at&inleaa ateel r!Da vill be prov1de4 at the J.a.rsv en<l or th~ 
tank. The dimenaioaa ud contigun;t.1on of t.he part of the steel :riD& external 
to the tank aha.l.l b-: aa sbovn on 4ravin8 No. SK29100·0l8. 

5· The t&AI. (apt,y, ~ially full or fUll) J~Nat. be able to vithataad 
the tolloviz18 loadtns conditione in &n:/ coaabinatica without 4ama&e or le.USe: 

(a) Inertia load. 1'act.ore in accordance v1th MIL-A-8591 for a 
2000 pouncl ato.re 1nclud1na aneatecl laMina an4 catapult 
take oft. 

(b) Slalih and v.lb;.•at.ion cuud1t.1ona u specified 1n MIL-'r-7378. 

(c) Intemal preee\U"e up to 15 psi clue to &l.titl.lde c.bans•· 

6. TM tenk. sball be capable ot bdng aubJtocted to the tolloving 
temperaturo environment• vitho~t dama;e or ~etor1orat1on: 

(a) When full or partiall.Y full, un-:1,.,. f'ligbt or storage 
conditiona, 33u F to 70° F. 

(b) When empty, wuier fl1.ght or atorqo conditione, 
-65° 1 to l6o0 F. 
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(c) Tt•r decont8111n&tion .e:cpoau:re to at .Ill 3t 250° l' toJ' 
~ ho\11'1• 

(d) Tbel'liiAl 1hock- intorior aurte.C4 ot tank $~ 65° 1' 
expoeed to ateaa at 250° F. 

7• TM ta.ak veiaht aball btt t.be lllinim1.8 vei&ht contiltent with volume 
and ttren.gth req~&inlfllltnta .. 

8. Tba operatillg1 proot1n~~~ ancl burstins preae\U'el or tbe tank 1b&ll 
be compatible vith the loadinS requirement• siven above. 

9· The t&nll,. when Ml arul IIOWltecl 1n the under vins atore aa 11hc»rn 
in 4rav1na No. SK29100-Ql7, aball not rupture or clevelop a let!Jc 1.t the 
4tore 1a clroppecl 10 teet. onto a concrete aurtace. 

10. The tank will be constructed ot .Laatex ·~atran• ma.ur1al. 

11. 'lhe molcl releaM material uaecl in the tabrication ot tlw tank shall. 
'b4 the stoner R\lblHtr CCIIIPil¥ Buna baa.- proc1uct £MU. 

12. Laatex v1ll t'\U'nli)J to General Mill• • coraplete set ot enctneer1na 
deaign drawing• tor the tank in~ludtng a .reproducible &nd tvo pr1nta ot 
-.1ach draviJlC. 

13. Lutex vill !'Urnlab to Oene:ra.l Mille three eoples ot tho deaiSB 
o.nc! atren analyais calculat.ions :aadG on f.be tank. 

1,.. Lalat*X v111 !Urniab to General MUll in triplicate data on ~ 
teata, •~ch •• preaaure t••~•, made on the tank aa part of their normal 
dea~ proce4W"C!. O.neral Milla doea not requin tb&t Ill¥ special teat• 
be u4e on tha t&Qll • 

. 1.5. Pacltins or tanka tor abipllltnt to O.nenl Mills uhall be in • JIIIDn(f%" 

IU1t.able for train or truck transportation. 
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APPENDIX C 

Specification for 
Ram Air Driven Generator 
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ENGIN!IRING DEPARTMENT SPECIFICATION OMS-29100.020 

........ 

r~aeh 

1.0 
1.1 
1.2 

2.0 

J.O 
J.l 
J.l~l 
J.J..2 
3.1.2.1 
3.2 
3·3 
3·3·1 
3·4 
).4.1 
J.4.l.l 
3.4.1.) .1. 
3.4.1.2 
).4.2 
).4.) 
3.4.4 
J.4. 5 
).4.5.1 
3.4.;.2 
J.4.;.J 
3·5 
3~5-l 
3·5·2 
3-5·3 
J.;.4 
3·5·4.1 
3·5·4.2 
J.;.4.J 
3-5.4.4 
3-5.4.) 
).;.4.6 
].;:4.7 
J.5.4.1j 

TABLi OF COlf1'Ell'l'S 

Title 

aeon. . . . . . . . . . . 
Scope. • • • • •• 
Claaa1f1r:aUon 

. . . . . . . . . . . . . . . . . 
. . . . . . • • 

RnwlRDOlfl'S • • • 
Ccmponente • • • • • 
n&a Air TUrbine. • . . . . . 
o~erator. • • • . . . . . . Volta,e Regulator. • • 
Stand.e.nl Parts • • • 
Material and Procea6e8 • 
Protective Treatment and 
Deaisn snd Construction. 
Operation. • • , 
Operating Speed. • • • • 

. . . . . . 

Ov~r&Pf!ed. , • • , • • • 
Direction ot Rotation. • 

f I • t I I t 8 . . . . . . 
Balance •• , • . ' . . . . 
Lubrication ••••• 
Co!lnectora •• • • 
Structure. • • 
MOunting r.rovia1one. • 
Overapeed Integrity. • 
Ult.iMte Structural Load • 
Partormance ••••• 

. . . 
. . . . . . 

• • 

. . . .. 
• • • t 

• • • • . . . . 

. . 
Retina•· . • . . .. . . . . . • • • . . . 
Alt1tu~e-~emper11ture Limits for Operatina· • 
llrag. • I I • J t I I • I • I • 

l~uv .!.r .;~:.:z:;~t.. • • • • • • • • .. . . 
Tempereture Shock. • • • 
Salt Sl"r&.Y • • • • • • • • • • • • • 
Slloci.. . , . . • • • • . • . . . 
Saod 4nd Dust. • • • • • • • • • 
Hum.J.dlt.,y • • • • , • • • • . . 
Funaua • ... • 
Vibration. , , • . . . . 
Low Temperature ::rt.arL. 

Pt.s• No. 

l 
l 
l 

1 

2 
2 
2 
2 
a 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 

' " 6 
6 
6 
7 
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·:ABL~ or OOftllf1'S ( CODt.inuct) 

~e ~ 

3.5.4.9 U1gh Tempen.twe St.u-t • • . 
3·5·5 Oeaerator Ptrtbrmance. . . . 
3·~h5.1 Wave Pom. • . • . I . . . , • 
3·5·5·2 Sbort Circuit Capacity . . 
3·5·5·3 Unbalanced t,;,lld. . I . . I . • 
3·5·5·4 Generator COOlinS• . • . . . . 
3·5·5·5 Volt~ R~gulation . . . • . ).6 Interchangeability • 
3·7 IIJ'&Vinsa • . . . . . . . . • 
3·8 wetsbt. ot Com;pl.ete Unit. . . • 
3·9 I4entit1cat1on of Product. . . 
).10 Screw Threade. . • . • . . 
3.11 WorlmiBnllhip. • . . . . . . . 
4.0 QUALm ASSURANCE PROVISIONS 
4.1 Aeceptanee Teate • • 
4.1.1 Accuracy ot ~ta • . . . . . 
4.1.2 Test Conditions. . . . . . 
4.1.2. L Operating Teat Con~it1ona. . 
~.1.2.2 Mount111£ , . . . • . 4.l.2.3 Generator wada. . . 
4.1.3 Teat Met.ho4a • . . • . 
4.1.).1 Balanr.c. . . . . 
~.l.J.2 Govel"'''\Jl&• • . . . . . . 
4.1.3-3 VQlt.e.oc Rcgulat.10ho • . 4.1.4 ReJectioG and Retest . 
4.2 Qual1f1cat1on ~ste. . . . 
4.J Reports. . . . . . . 
5 .o ~EPARATION POR DEJ..IVMRY • . 
5.1 Packaging and Packing. ' • . 

!!I• Mo. 

• . • • a . • . . . • 8 
• . I • . . I a . . • • . a . • . • • • . . • 8 . . . . . 9 

• . 9 . . . • . . 9 
• • . 9 . • • . . . . • • 9 . . 9 

• . • • • . . 9 . . . . 9 

. . . . . . 10 . • 10 . . • . . ._, . 10 . . . . • 10 . . . . 10 . . . . . . . . 10 . . . . • . 10 . . . . . • • . 10 . . 10 . • . . . • • . 10 . . . . . • ll . . . • ll . . ' • • . 12 . • . . 12 
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GENERATOR, RAM Alit DRIVD 

1.0 SOOPB 

1.1 Scope M This upecit1cat1on covers the requirement• tor a ra. air
driven gen~rat~r. ~c1t1cally1 tbe spec1t1cation pertains to the Allison 
D1v1e1on ot Oeneral Motors Corporation, Model 0Al24GB-92· 

l. 2 Claaa1t1cation • The OAl24GH·92 generator auab}¥ conaiate ot a raa 
&ir tl.ll'bine aa~lt driving a 4. 5 'l.VA generator 1ntende4 for \lSe aa a pri.Ju.r)' 

po.,eno ao\U'ee. 

Tne following documents or the date specified shall form a part ot tbil 
specificatio~ to tho extent apeeitied herein: 

SpecU'icationa: 

MIL-!-52'72A 

JotiL-S-7742A 

MIL-S-7894A 

Mll·D-70327(1) 

EnvironD:ntal Test1us1 Aaronautical and 
Aesociat~~ Eq~ipment, General Spec1t1cat1on 
tor, dated 16 September 1952 

Oene~tors and R~gulators1 Aircooled A·C, 
Aircraft General Specification tor, dated 
19 April 1950 

Screv Tbreods, Standa.rcl OpUmum Selected 
Series, General Spee1f1cat1on ror, dated 
3 Decembttr 1959 

&lectrical Pover1 Aircraft Characteristics of, 
dated l7 Mar 1955 

Dravint:Ss1 En&ineerir'IS and Associated Teate, 
dated l Jllly 1959 
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Standard•: 

Identification Markings of u.s. Militar.y 
Property, Jated 8 September 1958 

MIL-srD-2lOA, Chg. 1 Climatic Extremes tor Military ~uipmeot 
dated 30 November 1958 

Ilr'aVinss: 

OMI S<29100-0l9 Generator-Ram Air Driven dated 9/21/61 
Revision A 

J.o ~s 

3·1 CO!P9nents - The generator asoembly shall consist of a ram air 
turbine drive unit coupled to a 115/200 volt, 400 cps} 3-phaae, wy-! connected 
generator. 

3.1.1 Ram Air Turbine - The ram nir turbine shall be a two blade tmit 
with a self-contained mechanica.l governor. 'l'he governor shall be housed in 
the turbine spinner and act to change the tur .. ~ine blade pi tcb to ma1nta.1n the 
generator ~ betveen ll,4o0 and 12,900 ~pm. 

3.1.2 Generator -The generator shall b~ rated at 4.5 KVA a.t .75 pover 
!actor and a nominal 115/200 volts. The electrical ~haracteristics of the 
generator shall be identical to the Allison Model PQAl24GH-D4 g~~erator assembly. 
The generator shall be made up of a three -phase, ''wye" connect:cd stator and a 
built-up permanent magnet rotor and it al~ll have no brushes, slip ringsJ or 
rotor windings. The outp\4t vvltage shall be controlled by a solid state volt
age regulator. 

3.1.2.1 Voltage Regu1ator - The voltage regulator shall be a solid state 
device. The entire voltage regulator assembly shall be encapGulated in a 
material dea~~ed to ~1thstand the environmental conditions outlined in 
MIL-STD-210A Chg. l. The volt.ase regulator shall be housed in a moisture· 
proof container suitable ror ~unti~~ on ~ flat heat cood~ctive surface. The 
physical d~ensione of the regulator shall not exceed the folloving: 

Length - four inches 
width • Three and one-half inches 
Height - tht~e inrh~s 
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The vei8ht or the reSU]..ator shall not exceed three pounds. A Bendix Sc1ntlex. 
P/1 l0·42220~7P type connector shall be used to provide necessary electrical 

eoaneet ion•. 

3.2 Standard Parts • All and MS stMd.ard l'LY"ts sh.<\ll be uaed ':o1hel"1t s\dt~lc 
for the purpose. These parts shall be identified by t.he standard parts nUIIber. 

3·3 Material and Processes- The' materials and processes used shall be of 
higb quality, suitable for the purpose, 'and shall conform to govern=ent spec1-
t1cat1ona vbere applicable. Material conforming to Allison or AMS specif1-
cat1ona mB¥ be used. Approved materials or processes shall be those materials 
or proceaees used in the manufacture of the unit ~hich passes the official quali
fication test specified herein or are oubsequently approved through a material 
change. 

3·3·1 Protective Treatment and Coatings - All parts not in con&tant contact 
vith oil, except vorking surfa~es, thr~ads, or drive pad faces, shall be corrosion 
resistant or suitably protecte~. 

3.4 Detign and Construction 

3· 4.1 Operation - 'rht: generator assembly provides electrica-l. pover by 

means of a rma air turbine consisting of blades, hub, spinner, shaft, and a 
fly-weight spring governor vhich maint~tr.~ approximately constant rpm by con
trolling blade pitch. 

).4.1.1 Operating speed - The ram nlr turbin~ governor shall be capable 
•o£ ma1nta1n1ng turbine speed vithiu the range of ll,4o0 to 12,900 rpm (380-430 
cpa) undet- steady atate operating conditions vith ram a!.r inlet velocities 
vithin the ~~e of 300 to 650 KTAS at an altitude of )00 feet. 

3.4.1.1.1 Ove~!_e·d ~ During load tro.nsients a.nd dw-ing sta.rt.ing the ram 
air turbine governor shall ~intain turbine speed ~1th1n the range of 101 800 

to 13,500 rpm (36o~450 cpa). Following a loai transient or starting. stesdy 
state opcratlon shall be established wit~in 3 tH!con•~s. 

3.~.1.2 Direction of Rotation - When vieved frQm the rear the direction 
or rotation of the air turbine and the alternator sr~ll be counter-clockwise. 

3.4.2 Balan·~e - The amoun~ of unoalance or rotating cro:nponenta shall not 
exceed o.ul oz. in. 
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J.4.J tubrieation - All lubr1eat1oa points shall be permanently lubricated 
at aaHIIbly. 

J.4.4 Connectors - The electrical connectors on the generator sball be as 
ihcr!ID on the outl1n~ d:ravine, (OMI SK29100-019)· 

3·~·5 Structure 

3.4.5.1 Mounting Provisions - Gene~tor mounting provisions shall be as 
sbovn on tfw outline draving, { GMI SICZ9100·019), 

3.~.5.2 OVerspecd Integr~ • The unit shall be capable of operation at 
15000 rpa tor a period of one minute vitb no outpu~-load. _ 

3,4.5.3 Ultimate Structural Load -The generbtor unit and its mounting 
p~viaion shall be capable of vithstnn•ling an ult~te acceleration of 4o g's 
parallel to the 1110unting base antl along the transverae axis and a simultaneously 
applied air load drag baaed upon nn airspeed of 800 Kts ~s. 

3·5 ~rformance - The performance opecified herein is based upon operation 
of the generator with i~& axis of rotation vithin t1 degr~e of the direction of 
airtlov: All &ir velocities specified are free stream velocities. 

3.5.1 Ratings - The perf'onnance rotings shall be as follo'lol's: 

Standard Conditions 

Airspeed Turbine Rotcr Electrical Load 
Rating Kts, EA:3 Speed IJ'll riA (Min.) -
Continuous 300 - 6~0 12,000 4.5 
Condition T 300 - 650 12,000 10.0 

Condition II 300 - 650 12,000 4.8 

Pover 
Factor 

·15 
.65 

.65 

During paver transients a peak load as defined by Condition I shall be 
permitted for 50 milliseconds folloved by a secondary load, Condition II, the 
duration or ~hicb shall not exceed 12 se~onds. 

3.5.2 Altit~de - TesPerature Li~ts tcr gperat1ng - The generator asscQbly 
shAll be capable cf' operation ~t all altitudes betYeen sea level and 45,000 feet 
pressure•&ltitude, at all airspeeds ~~een 300 and 65C Kts EAS,and throughout 
th~ t~~rature rang~ cpec1f1ed in MIL-b~D-2lOA Chg. 1. 
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3.5.3 ~ - The drag force ot the ~ air turbine generator shall be the 
minimua value compatible vith good turbine design ~d in no ca$e shall it exceed 

100 lba. at 650 Kts FAS. 

IJT. 

3. 5· ~ Qlvironment - The ram air turbine generator ahall be c.·.~'ble o! 
:paaaiag the requirements of paragraph 4.1.3 af'ter being subJected to the environ

mental testa of paragraphs 3·5·4.1 through 3·5·4·9· Hovever, testing to para
graph& ).;.4.1 through 3·5·4·9 is not required if previous ram D.ir turbine generator 

units ot the seme design and materials t'4ve passed theE>e tests. 

3.5.4.1 Temperature Shock - (Ref. Para. 4.3.1 or MIL-E-5272) - The turbine 
generator assembly shall be capable of being subjected to (3) three temperature 
'cycle a consisting of four ( 4) hours in a. chamber lllllintained !lt 185° ?! lU':l four 
( 4) hours in a chamber maintained at -4oO F with a m&Xim\.UI1 of fiVe ( 5) lllinutes 
between temperature changes. Within one (1) hour of completion of this tcst1 

the unt t. sh.o.ll be capable of me~ting reqnirt:c~nta of paragraph 4.1. 3. 

3·5·4.2 Salt Spray - The turbine generator assembly shall be capable or 
b~ing subjected to a. salt spray test ~hich meets the conditions outlined in 

paragraph 4.6 of MIL-E!-5272. The teat period shall be for f'l. duration of 100 
boura at a temperature of 95° F. Upon completion of the teet the un1t shall 
pass the requ1rement5 of paragraph 4.1.3. 

3·~·~·3 ~-(Ref. Para. 4.1).2.1 of MIL-B-5272) -The turbine gener
ator assembly shall be capable of withstanding 18 impact shockz of 15 G, con
cisting or three shocks applied in each directiun along each of the three 
!1lutually perpendicular axes. ~ch shock impulse shall have o. time duration of 

11 ~1 milliseconds. The "G" vo.lue shall be vithin t1o p~rcent when measured 
vith & 100 cps filter o.nd the mo.xi:num "G'' va.lu..? shall occur at approximately 
~·5 milliseconds. There shall be no mechanico.l failure. Th~ unit shall be 
capable of ceeting the requirements of pa.ra.gru.ph 4.1. J upon completion of this 

test. 

3·5-~.4 Sand and Dust - The turbine genc~tor assembly shall be capable 
of being plac~d in a. test chamber and ~ubjcctcd to a. sand dust concentration 
f·.)r six hours. The ·:ond.it1ons in the <;est chamber shall oe e.s follows: 

a. The relative humidity shall not exceed 30 percent. 
b. The sand dust concentration shall be raised. to and 

maintained at 0.3 ~0.2 grams :per cl.!bic foot. 
c. The internal t.emp<!rature shall b'!' '77° ~3° F. 
d. The sand and dust laden air v~lo~ity shall be 100 

to 500 fee~ per minute. 

I 

I 
I I. 

! 
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'l'be aancl aa4 duat lllixture shall have ~he cbaracter1at1c:l outlined 11:1 _pan

graph Z..ll.l ot MIL-B-5272· ThJ.a test shall be repeated with an 1ntel'tl!4 

t~ture ot l6o0 !30 r. The unit shall pass t:t.! r-~qui.rem.ent& or peu·agn.pb 

~.1.3 upon completion ot this test. 

3·5·~·5 BUmidity • ~ turbine generator assembly shall be capable ot 
beins placed in a suitable teat ch811lber (per par~ph t..4.l or MIL-E-5272) 

a.M. aubJectecl to 15 c:yclea {36o hours). Each cycle shall consict ct the 

tolloving: -

(a) The internal test ehember temperature shall be uniformly 

raised from 840! 160 ? to·l6oO F during a 2 hour period. 

(b) The l6o0 temperature and relat\ve humidity of 95 percent 

sb&ll be maintained during the following six hour period· 

Distilled or demineralized vater having a p K value of 

7 !o.; at 7'f0 F shal~ be used to obtain the dP.sired humidity. 

(c) The internal test chamber temperature shall be uniformly 

reduced to ~4° ! 16° F during the folloving 16 hour period. 

Tbe unit shall pass the require~ents of paragraph 4.1.3 upon completion 

ot this test. 

3· 5.4.6 ~us - The turbine genernt.or assembly shall be capable of 

being sprayed or dipped in a spore suspension prepared in accordance with the 

requirements or paragraph 4.3.1 or MIL-E-5272, and then placed in a te~t 

chamber capable of maintaining th~ relative humidity at 95 percen~ and the 

internal temperature at 56° F for a test period of 28 days. The unit shall 

pass the requirements or paragraph h,l.3 upon completion or this test. 

3·5·4·7 Vibration -(Ref. Para. 4.?.1 of MIL-E-5272) -The turbine 

generator assembly shall be capable of being subjected to the tests defined 

in {a) and (b) below. The unit shall not be operated during these tests. 

Resonance The unit sha~l be scanned along each ot ita three (3} 

~utuallY perpencicular axes for resonant frequencies throl~hout 

tbt' range o!' 10 t"' 500 cps s.t an applied double a.-npl!tucic or 

.036 inch or an applied acceleration of ~10 G1 whichever is th~ 

lii!Uting value. Tile unH shall be vibrated a.t the resonant 

frequency &long cnch axis as i"ollows: 
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When more than one resonant trequeney is encountered vitb 

vibration applied alona any one axis, the ~est period may be 

accomplished at the moat severe resonance or the period m&1 

be divided amQng the resonant frequencies, wh1C'·.:.:ver is con

sidered most likely to produce failure. When resonant. f'l·e

quenciea are not apparent vithin the above range ot trequencies, 

tbe generator shall be vibrated for periods tvice as long as 
' tbose specified in (1), (~); and (3) above at a frequency ot 

55 cp• and an applied double amplitude of .o6o inch. 

(b) Cfcling The unit shall be cyclic vibrated along each of its 
three mutually perpendicular axes between 10 and 500 cps in 

15 minute cycles at an applied double amplitude of 0.036 inch 
+ or an applied acceleration of -10 G, whichever is the limiting 

value. The testing period &nd te~peratures shall be the snme 
aa specified in paragraph 3·5·4,'{ (a.), {1), (2), and (3). The 
linear acceleration along either of the other two mutually 

; perpendicular axes shall not exceed 15,; c·f the linenr acceler
ation along the axis being excited. The angular acceleration 
shall not exceed 2.5~ of the linear acceleration along the 
axis being excited, per inch1 as measured nlong a radiuo or the 

angular acceleration. (For example: If the linear acceleration 

is 10 G's along the axis being excited, no angular acceleration 

can e.r.ceed .25 G's at a one inch radius from the axis of the 
angular acceleration.) The above linear and angular acceleration 

limits apply to the f,ixture surface against -...hich the unit mounts, 

over the area of contact between the unit and this surface. 
There ohall be no indication of dnmage or mechanical failure. 
The unit shall pass the requirements of paragraph 4.1.3 upon 
COI!IJ'Jl~i..ivn of this teat. 

3·5·4.8 I..c-v TemperatUN Start -The '.1111t shall be capable of being monnted 

in a suitable wind tunnel at a stabilized ambient temperature of -65° F and 

undergo the rollowing tests: 

(R) With the turbi~e rotor blocked, establiah within 30 seconds a 
steady state air velocity of 36o Kts EAS and remove blockage. 
The unit 1;hnll ttt!!.l"i. u.nd accelerate to 11,4oo rp:!! with a 

4500 VA (tlt . 7) P.F.) load applied within 4 seconds from removal 

·:)f b~.oclcage. The unit shall complete ten such starts. In pla.cc 

o~ biockeJ ro~or cperation it shall be pc~ssible to suddenly 
CJ~ct the unit tnto the ~stablished airstream. 
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(b) UpoQ C:OIIlPletion ot ten starts, the unit shall meet the 
requirement• ot paragraph ~.1.3. 

3.5.4.9 l!!Ah 'l'e!perature start • The unit shall be capable of bei.ng 

1110unted in a suitable villd. tunnel at a stabilized ambient tempel'Bt~..;'.a ot 
16o0 r sud under so the tolloving teats~ 

(a) 

(b) 

With the turbine rotor blocked1 establish within 30 seconds 

a steady state air ve~odty or 36o Kts F.AS and remove 

blockage. The unit shall start and accelerate to 111 4oo 
rps vith a 4500 VA (at .75 P.F.) load applied within 4 seconds. 

The unit shall complete 10 such starts. In place of blocked 

rotor operation it shall be permissible to sudd~nly eject the 
unit into the established airstream. 

Upon completion of J(l nta.rto, the unit shall meet the require

ments of paragraph 4.1. 3· 

3.5.5 Gen~rator Performance 

J. 5· 5.1 "Wave Form ~ Tbe crest factor and harmonic contt!nt line -to~line 

and line-to-neutral or the output voltage shall conform to the requirements of 

apec1ticat1on MIL-G-6099. 

3·5·5·2 Short Circuit Capacit,r - Th._. gr~nC'rator shall be capable of 

aupplying 300 percent rated current durint; tl single .;:1r three-phase fault con

dition :or three seconds without .impatrm~nt of generator chnrncter1st1cs. 

3·5·5·3 Unbalanced Load - The gencrat?r shall be capable of meetir~ the 

folloving unbalanced load requirements at 4oo cps, 115 volts nominal and 12,000 

flllll• The percent unbalance of line voltag·.: shall be defined as 100 times the 

maximum deviation of the line voltage from ~he average of the three line 

voltages divided by the average or the three line voltages. 

(~) With a 1500 VA, 1.0 P.F., 3 phase lond applied and an tldditional 

single phase 1.0 P.F. l"ne to neutral load of 500 VA and 1000 VA 

added individUAlly, the maximum value of voltage unbalance shall 
not exceed 6.0 percent. 

(b) With the generatcr carrying no three phase load, c. single phaac 

lin~ to neutral 1.0 p. F. load -:of 500 VA and 1000 VA sb.all "be 
addf:"d individually. The- !:18.Xir.tum value or voltage unbalance 
shall not ~xceed 6.0 percent. 
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(c) ~1th & 3000 VA, 1. 0 P. F. 3 phase load s.pplied and a.n additional 
single pb&se line to neutral 1.0 P.F. load or 500 VA snd 1000 
VA added individually, the l!IAXimum value of voltage unbalance 
aball not exceed 6.0 per cent. 

1 

. 3.5.5.~ ~nerator Cooling - Generator cooling during operation &hall be 
obtained by providing a suitable means for conducting the heat f~om the gener
ator to the outer shroud. Heat remo·/8.1 by means of ram air cooling, cooling 
ports, vUl not be utilited. The maximum allowable surrounding a1.r ambient 
temperat\U'e vben not operating vill be 250° F. The maxim~ a.llO\Iable ope1-atinJ3 
temperature will be 16o0 p. 

3·5·5·5 Voltage Regulation - The voltage regulator shall maintain the 
generator voltage within the limits of !2.5~ during steady state conditions 
and between the following voltage limit~ ~nd load conditions for all designed 
operating speeds and environmcntn no defined in MIL~STD-210A Chg. 1. 

Conditions Vol tag_! 

4.0 KVA, f• f. ~ ·75·1.0 

4.5 ~A, p. f • .,. . (5-l.C lo8-124 

3.6 Interchangeability - All parts h.avir:g the same manufacturer's part 
number shall be functionally anJ J lmens!onnlly i::terch.a.ngcabl~- The dr:a.wing 
number requirements of specifica.t.ion M.IL·D-7032-i shall govern changes in 
manufacturer's ps.rt numbers. 

3·'7 Drawings - Allison Division of General Motors \fill furnish to General 
Mills, Inc. a complete se~ of engineering design drawings for the ram air 
turbine gener!.tor,(Model GA 124GH-92) including a reproducible and ttJo prints 
ot each drawing. 

).U '..Ieight of Complete Un1t - ':'he maximum .,..eight of the c011:plete t•e.m air 
tu.r~ine generator assembly r.h11.l.l nc•, exceed 4.j pounds. 

3·9 Identification of Product - Equipment assemblies, and parts shall be 
marked ror ideuti!icaticn in accordance with standard MIL-STD-130. 

;.lO Screw Threads - All ~onventional straight screw threads shall be 
in accordance with the require:n!;!ntc of apecificetion lliL-S-7742. 

3. 11 Worl<manot.:!E ~ The ·.·ork.:nanahip o.nd finish or. a.ll parts shall be in 
accordant:(' ._.!~h ~igl: gre.dt~ aircr~ft. prar~tice. 
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4.0 CWALI'l"t A8SUJWCCB P.AOVISIONS 

4.1 Aec~aace Testa • Acee~ance tests are those testa conducted by 
Alliaoa D1Y1aicm ot General. Motors, on the- ram air turbine ~enerator assembly 
(reqa.lired 'by General Mills, Inc.) to den10nstrate suitable quality control, 
correct utembl.y and :performance. 

4.1.1 Accuracy ot Data ~ All inst~ntation shall be suitab1'!! ror the 
testing to be conducted and shall not be detrimental to test tolerances. 

4.1.2 Teat Conditions 

4.1.2.1 gperating Teat Conditioca - All testa shall be conducted at 
approximate~ aea level altitudes and nll dnt& used to establish paver output 
.:hall be corrected to MACA Standard Day sea level conditions. All dr 
velocities apeciti&d herein are rree stream and all tunnel air velociti~s 
uaed tor testing shall be equivalent to free Gtream velocities. The test 
sball be conducted at ambient temperatures. 

4.1.2.2 Mount!~ - The unit Ghnll be mounted in n ~uitablc ~1nd tunnel 
vith ita ax1D ot rotation parallel ~1t~1in 1° to the direction of air flow. 
Mounting tacilltiea are to have negligible effect on po~er performance. 

4.1. 2.3 Generator J.cads - The following loada :lhall be ueed for deter
mining the performance of the unit during t~sting. 

wad I 
I.o&d I! 
Luadlii 

ilo lood. 
Balanced 3 phase, 4000 VA at .80 PF 
Balanced 3 phase, 480o VA1 at .65PF 

4.1. 3 Test Methods - The following tests ahnll be pert'ormed on the unit. 

4. J .• J.l llalan~e - The unit shall be t<!!stcd for dyn:llllic \lnbaJMce. The 
l1!110unt or unba.lanc~ or rotating components shall not exceed 0.01 oz . .in. The 
measured vib:'\tion &!~celerat1on of the unit >~hen operated at 12,000 to.5~ rpm 
nnd Losd I applied shall not exceed 4o.o G's. 

4.1.).2 Governing 
operation: 

The unit sha.ll be subjected to the follo-..-ing test 

(a) With Luad I applied to tna unit, incre~se the air velocity 
to 650 Kts EAS mini:ntUII. The unit ro-tational speed shall 
no~ cx:·~"!d 12,900 n;a. 
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(b) With ID&4 II applied to the unit, decrease the air velocity 
rrc. 650 Kte .EAS to 300 Kts EAS .xim\Uil. 'nle unit rotational 
8pHd ahall not be less t.ban 11,400 rpm. 

(c) With L::ia4 li applied to the unit operating i~· :.n air velocity 
ot 650 Kta EAS· minimum, suddenly. apply tend I. The transient 
rotational speed ot the unit aba.ll btl! within the limits of 
10,8oo to 13,500 11ft and shall return to steady state con
ditions within 3 seconds atter load change. The steady state 
rotational speed shall be within the licits of 11,400 to 
12,900 rpm. 

(d) With Load I applied to the unit o:terating in an air velocity 
or 300 Kta EAS minimum, sudd~nly apply Load III. The transient 
rotational apeed or th~ unit 3hall be within the limits of 
101 800 to 13 1 500 rpm o.nd shall return to :;tcady state conditions 
within 3 seconds after load change. The steady otate rotational 
speed oha11 be within the lioita of 11,400 to 12,900 rpm. 

(e) With Loo.d II ap11l!ed to th<! unit, 3lovly increa!le the air 
velocity to 650 Kto. EA.S rnin111lum, ttlen slovly decrease the air 
velocity at a uniform rate. There shall be no evidence of 
governor oscillRtion abovr. 300 Ktn EAS rnin~um. 

4,1.3-3 Voltage Regulaticn - The unlt shnll be subject~d to the folloving 
t~et operation: 

(a) With Load I applied to· the unit, and vith an air velocity of 
650 Kts EAS, the steady state line to neutral voltage of any 
of the three phaaeo shall not exceed 118 volts. 

(b) With Load Ill applied to the unit and with an air velocity 
of 300 Kts EAS, the steady state line to neutral voltage of 
any of the three phAses shall not fall b~lo¥- 112 volts. 

4.1.~ Ruject1on and Rete~. - If the unit does not pasn the requirements 
or paragraph 4.1. 3 it shall be reJected. A rejec:ted unit may be rellorked or 
have parts replaced to correct the defects, ~1d resubmitted for acceptance. 
Before resubmitting, full particula:s ~oncern1n~ previous reJection and th~ 
Action take~ to corT"'"r.t th~ defects found in thfO' orig!C'..al \J.nH. ~h~l1_ b~ fUr

nished General Mll!s, Inc. 
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~.2 Qualitieation Testa - Qualification Testa are thoee ~ests accomplished 
on tbe generator aaaembly to demonstrate ~1tab111ty !or :production. The gener
ator uaab~ to be sold to General Mills, rue. shall be identical in material 
and workmanship to similar generator assemblies which have pas3ed qualification 
testa ror production thereby :precluding any requir~nt for such test: on this 
model. 

4.J R!POrt~ • A complete record shall be kept of the progress and results 
ot all testa. Upon conwletion of testing, ~ complete: test report oha.ll b~ 
prepared ancl three copies submitted to General Mills, Inc. for npprova.l. General 
Milla, Inc. &lao reserve the right to provide a witness for any or all ncceptance 
teats. 

5 • 0 PREPARATION FOR DELIVERY 

. 5·1 Packaging and Pncking - The unit shall be pa.cknged to Msurc nrriva.l 
• at the deat1nat1on in a clean and undnmnged condition. Where applicable all 

openings, mounting faces, and external exposed parts shnll be provided with 
·suitable temporary coverings to exclude dirt and prevent dBmage. All protective 
cover• muat be ot a configuration that prohibits assembly with mnttng parte 
vitbout removing the cover. 

·------· ·---- -----·----· 
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'!'1.1e ftJllv'" ina. J?tu"~ro.pha '.'If ~Jet:"ral 'Ml:tl 'r; i3r*!C >. fi ('C\t.~ "" 
ni~an ,,..: ~1'\Rn~•!d /!1'<). \!Jd.l~~t1.Ptl 1 .... h,w: 

~.o z.u 1-::; -tc~;·:J, d,d P!l lJ A1·• n 19~0 ·:..o 
MTI.- . .i·i~O'))l~., ::hd ld 2~ :-hn~1' lY7, 

Cht\stt:t . ., ~ ·- ~ .;,;~ ~~· r\~r,!!~ It f'l'!Ur !~·~~·l-'.!d' ·l.o 
"r~V":'~ .'\r.U \J·te_-l',~\lY"~.!, t~H~•leM•t. 

C1rlit'1e·.· ··~·l"'vt il••f!. t>l..'l·~ t.r•1•~t\.1 IJ'lVf"' by ~~•J•S 
n['" It• "~ll'"Y'•JI!!I ,...~~t:l.r·;L"t\1 J.:•:)'llft' 1 l>!!Lig driVeft \>:f' 
:<Jr•(l' $ I~ r*' 1 

('~'Hr..;_;•~ u!l.f! i.1 e of• tl,t~ et\l.~t;1 t.1('C i ~~, .!-\.rir1 :r)H.t,·!r.tel~tt 
i.o "n,.tl\; o!' nbtllfu• dc~;~I:,.n u:td nl8t.erl'-\". 

l>:lvt.o ~1,,.:' ~!A, l'·"· • .·~~-1.0 V>i' ... l~l11 

..; ;~~~~~~~ ••1~.~~-l?>~·· lr) '".in."'-1:>~ ... 

C'·•'''•..:.'·' •·,hu·l•tt; :.~·!d.' "L'' :.o 11 (~111"1'•& wltHl hl'lnol 
t.-·r:llnt;"· t..''u"t;>•: ''ltO.."X' VA 11t, .'YJiT Lo l700 VA 
'1.1 1. ·t•F''. .;. 'l••t;c"l,t:Otl 11A '1\t· J.;:.Fl-' lo JlH)() VA 
fl l .1 • •l'b ,, • 

('\,f\rt:/' '''ollt~l• "iH;rl\i.eol f\1. 1~1 "\()(),:!: f'.~;(, t'Ilftl *WH.l 

u·•n·l J" tiJ "1.udl , t·••l'nt•J6 11Jt.1ttn tlle rlle'!l ftl!d 
..:.•·'l'"t'•:!l~ ,.l"'' r·n,t;;r~, al 3nn KEM1 litl<l Lr•nil I." 

(l•) '::'ek•.(;.~ "Lu'ld TI'' tr.1 "ll:·l\cl III''• 
(•!) C':El.t~f;;e "l11t1,; TJ" i•J "l#ir>ol ITI", 

·: .. ltrtw·· ~r·o.tlr..l !t)•• ~ :,.(.11 ,.,,l,'t:;·! ·t'!'t,;u.l.et4:t't' ':'hall 
,,,,\1,.•, ;., t.'.e e~tnf'rtt'..•~l' V·.•l'~'~t::•~ •,•ll.l'l:• 1hc llliiHG 
II :• _., ';)a~.;., f\llritl(! ~ lt•ll.tl;! (l't,~\.'.: P.f.H\':lt t1 ~!llff Elntl ~
t-\.1(::::,, t of'· ').~!'1 f'fCd V~l\li(;;P 1 ~lllt!l 1o1' .... 1~ d\lt'i.na 
n.n ]ro').•j:, ll.lld 0l.>I11"RI.l!t:, ·~1~~·lf•. H,P"~d rJed dUring 
·:-,.~ t.: :::::, !lf, "•tfllnec.\ t,, fAJ'EI(!r~·l'lt 4 .J. 
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Chang~ 1 ''BefC"r~ rP.sub:r.itti~Jc;, ;\tJJ ps.rt:.-~ult\.%'"'· f~l 
Qoncernl;~ prevto•.~s rr:JccLo."\~ S!'ld th~ b.Ct..ion . itt 

Chars;;e 

t&l<.!!!rl -;t.o ~orr~ct. t;11: :icf~~-:::: fc.•t:1d 1 n the or:i£.t;•.;t·t~ 

unit,_. ~!l.."!l ~~.: !"..!rnish~tl r}e•lf!'•"!\1 ~Hlls, I11<:." -~ ..... · t, .. 
"Ft. 1.Jl :~:rq ,..~•11"!'•• .... :1:1\!el"':".l!!(.: te; t reJect lO:'l8 ~-,rl I! 

tnt- a•: ion · t.a.~'.!" t <I r•c,..·r~c: :, ';~~. de fe')'tG fr~un·~ :.:1 

1·11~ ,1r ,;t'1nlw,1.1. "''1'"11 ;,.. r:•.J':.i<Jh.ed General:.;··:.:>. 
Inr:!J t:.l-...·j~' f:C..'''J:'l~t1r;!: "-r ~he 1· . .,;:'\ll·~~" .. ~ 
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DEPARTMENT OF DEFENSE 
WASHINGTON HEADQUARTERS SERVICES 

1 1 55 DEFENSE PENTAGON 
WASHINGTON, DC 20301-1155 

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER 
(ATTN: WILLIAM B. BUSH) 

8725 JOHN l KINGMAN ROAD, STE 0944 
FT. BELVIOR, VA 22060-6218 

SUBJECT: OSDMDRCases 12-M-3144through 12-M-3156 

AUG 1 2013 

At the request of , we have conducted a Mandatory Declassification 

Review of the documents in the above referenced cases on the attached Compact Disc (CD) 

under the provisions of Executive Order 13526, section 3.5, for public release. We have 

declassified the documents in full. We have attached a copy of our response to the requester. If 

you have any questions, please contact Ms. Luz Ortiz by phone at 571-372-0478 or by e-mail at 

luz.ortiz@whs.mil, luz.ortiz@osd.smil.mil, or luz.ortiz@osdj.ic.gov. 

Robert Storer 
Chief, Records and Declassification Division 

Attachments: 
1. MDR request w/ document list 
2. OSD response letter 
3. CD (U) 



.. 

April 26, 2012 

Department of Defense 
Directorate for Freedom of Information and Security Review 
Room2C757 
1155 Defense Pentagon 
Washington, D.C. 20301-1155 

Sir: 

 
 

 
 

I am requesting under the Mandatory Declassification Review provisions of Executive Order 
13291, copies of the following documents. I have tried several times to acquire them through 
DTIC, but the sites stated they are not available. 

I am conducting research into the previous methods used to disseminate biological agents. Many 
source I use to have access to have been deleted from the internet. On numerous occasions I 
have been informed that formerly classified information that was declassified, have now become 
classified again (since 911). My attempts to locate such Executive Orders, regulations, laws, or 
other changes to this question have not successful nor revealed a specific source. As such I 
would appreciate any infonnation you can shed on this question. 

Documents requested. 

AD 348405, Dissemination of Solid and Liquid BW (Biological Warfare)Agents Quarterly l2..-M-3 \~ Progress Report Number 14, 4 Sept - 4 Dec 1963, G. R. Whitnah, February 1964, General Mills 
Report number 2512, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745,lOl.pages. Prepared for U.S. Anny Biological Laboratories, Fort Detrick, Maryland. 
Approved by S.P. Jones, Director of Aerospace Research at General Mills. Project No. 82408. 
General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul 13,Minnesota. 
AD 3467 51, Dissemination of Solid and Liquid B W (Biological Warfare) Agents, Quarterly !l-Af- 31 'f)" Progress Report Number 12, March 4- June 4, 1963, G. R. Whitnah, July 1963, General Mills 
Report number 2411, General Mills, Inc., Minneapolis, MN, Contract number DA 18064 CML 
2745. 184 pages. Approved by S.P. Jones, Director of Aerospace Research at General Mills. 
Project No. 82408. General Mills Aerospace Research Division, 2295 Walnut Street, St. Paul13, 
Minnesota. 
AD 346750, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ll-AA~31'1(, Progress Report Number 13, 4 June- 4 Sept 1962, G.R. Whitnah, October 1963, General Mills 



Report number 2451, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 19 pages(?) 

AD 332404, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12.-~-31'11 Progress Report Number 7, Dec. 4, 1961 - March 4, 1962, by G.R. Whitnah, February 1963, General Mills Report Number 2373, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 123 pages. 

AD 333298, Dissemination of Solid and Liquid BW (Biological Warfare)Agents, Quarterly tz-.JA-5/C/ 8 Progress Report Number 9, June 4, 1962 - Sept. 4, 1962. by G.R. Whitnah, October 1962, General Mills Report Number 2344, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 130 (or 150) pages. 

AD 332405, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 1 ~-.M-31'-f? Progress Report Number 8, Period March 4, 1962 - June 4, 1962. G.R. Whitnah, August 1962, General Mills Report Number 2322, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 198 pages. 

AD 329067, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12--M- Jl J'l> Progress Report Number Six, G.R. Whitnah, February 1962, General Mills Report Number 2264, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 103 pages. Approved by S.P. Jones, Manager, Materials and Mechanics Research, General Mills Research and Development Office, 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 

AD 327072, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly /2-M-Jf'f{ Progress Report Number Five, 4 June- 4 Sept 1961. by G.R.Whitnah, November 1961, General Mills Report Number 2249, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML2745. 

AD 325247, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly ,z.-M- ll a Progress Report Number 4, 4 March- 4 June 1961, by J.E. Upton for G.R. Whitnah, Project Manager. February 1963, General Mills Report Number 2216, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. General Mills Electronics Group, Research Dept., 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 225 pages. 

AD 324746, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Progress 12-.M- ~11.3 Report 3 Juen - 3 Sept. 1960. by G.R. Whitnah, October 1960, General Mills Report Number 2125, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 78 pages 
AD 323599, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-M- "'JI.r'l Progress Report Nwnber 2, for period 4 Sept- 4 Dec 1960, by G.R. Whitnah, February 1961, General Mills Report Number 2161, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 90 pages? Mechanical Division of General Mills, Inc., Research Departmen~ 2003 East Hennepin Avenue, Minneapolis 13, Minnesota. 



AD 323598, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-.#- 31 rsProgress Report, for period 4 Dec. 1960-4 March 1961, by G.R. Whitnah, May 1961, General Mills Report Number 2200, General Mills, Inc., Minneapolis, MN, Contract Number DA 18064 CML 2745. 95 pages. 

AD 337635, Dissemination of Solid and Liquid BW (Biological Warfare) Agents, Quarterly 12-/H-315'(, Progress Report No. 10, period Sept. 4, 1962 - Dec. 4, 1962. G.R. Whitnah, Project Manager, Approved by S.P. Jones, Aerospace Research, February 1963.247 pages. 

Sincerely 




